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of MOS 32D, is designed to provide you with a basic 
for performing task related to circuit conditioning 


testing of voice frequency (VF) circuits by; determining the quality of VF 


circuits, categories of VF circuits; identifying the types of tests 

performed; types of test equipment; and the characteristics of the test 

equipment used during circuit conditioning. Subcourse SS 0330, Introduction 
to Telephone and Telegraph Transmission MUST BE taken prior to taking this 
subcourse. 

Lesson 1: COMMUNICATION CIRCUIT QUALITY. 

TASK: Describe the characteristics that affect signal quality, 
causes and effects of signal quality, and principles of 
measuring Signal distortion of VF circuits IAW Defense 
Communications Agency (DCA) standards. 

CONDITIONS: Given information about VF circuit characteristics, signal 
quality, principles of measuring signal distortion and VF 
circuit standards established by DCA. 

STANDARDS: Demonstrate competency of the task skills and knowledge by 


responding to the multiple-choice practice exercise; select 
the ONE answer that BEST completes the statement or answers 
the question, covering communication circuit quality. 


(This objective support tasks, 
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TD-8; 113-616-3020, Test Circuit for Composite Data Transmission Level, TD- 
10; 113-616-3062, Determine Test Tone Level; 113-616-3075, Test Circuit for 
Basic Noise, TD-6; 113-616-3031, Perform In-Service QC Tests.) 

Lesson 2: CONCEPTS OF CIRCUIT CONDITIONING. 

TASK: Describe the duties of technical controller, determine 
circuit parameters using the Defense Communication System 
(DCS) technical schedule, and if VF circuits meet selected 
DCS parameters. 

CONDITIONS: Given information about the duties of a technical 
controller, description of DCS technical schedule, and an 
extract from DCAC 300-175-9 of a DCS Technical Schedule. 

STANDARDS: Demonstrate competency of the task skills and knowledge by 


ice exercise; select 
statement or answers 


g concepts of circuit conditioning. 
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10; 113-616-3062, Determine Test Tone Level; 113-616-3075, Test Circuit for 
Basic Noise, TD-6; 113-616-3031, Perform In-Service QC Tests.) 

Lesson 3: CIRCUIT CONDITIONING TEST SETS. 

TASK: Identify the type and use of the test equipment, describe 
the function of the front panel controls and 
characteristics of the test and equalizer equipment 
CONDITIONS: Given information about the type, use, 
characteristics and function of the front panel controls 
for the test and equalizer equipment used in circuit 
conditioning. 

STANDARDS: Demonstrate competency of the task skills and knowledge by 
responding to the multiple-choice practice exercise; select 
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Whenever pronouns or other references denoting gender appear in this 
document, they are written to refer to either male or female unless 
otherwise indicated. 
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DESCRIPTION OF THE IMPROVEMENTS MADE IN 
COMMUNICATION CIRCUITS OVER THE LAST DECADE 


Bes There was a time in th xperience of many communicators when "any old 
telephone line" would do, so long as they could talk over it. Those days 
are rapidly disappearing. In this age of high-speed computers and rising 
speeds of transmission, such a simple approach to communication will not 
suffice. Not only must the quality of circuits remain high; they must also 
be conditioned to accept and transmit the various types of complex signals. 


2. Over the past decade our engineers have produced and delivered large 
numbers of highly sophisticated devices for communication between stations. 
However, the capability of the telephone facilities did not keep pace with 
equipment developments. The reason is largely economic: telephone 
facilities already exist. Why provid xpensive duplication of existing 
lines? Let us use the lines we already have. 


3. Now the circuit conditioner enters on the stage of communication 
history. As he plies his new trade he is able to make ordinary quality 
telephone lines accept and transfer information at a higher rate than he 
could ever have hoped for in the past. 


Lesson 1/Learning Event 1 


LESSON 1 
COMMUNICATION CIRCUIT QUALITY 


TASK: Describe the characteristics that affect signal quality, 
causes and effects of signal quality, and principles of 
measuring Signal distortion of VF circuits IAW Defense 
communications Agency (DCA) standards. 


CONDITIONS: Given information about VF circuit characteristics, signal 
quality, principles of measuring signal distortion and VF 
circuit standards established by DCA. 


vas 


STANDARDS: Demonstrate competency of the task skills and knowledge by 
responding to the multiple-choice practice exercise; select 
the ONE answer that BEST completes the statement or answers 
the question, covering communication circuit quality. 


(This objective supports Tasks 113-616-3018, Test Circuit for Impulse Noise, 
TD-8; 113-616-3020, Test Circuit for Composite Data Transmission Level, TD- 
10; 113-616-3062, Determine Test Tone Level; 113-616-3075, Test Circuit for 
Basic Noise,-TD-6; 113-616-3031, Perform In-Service QC Tests.) 


REFERENCES: DCAC 310-70-1, Volumes I, II, and III. 
DCAC 310-70-1, Volume II, Supplement 1 and 2. 
DCAC 300-175-9 MIL-STD-198-101 


Learning Event 1: QUALITY OF COMMUNICATION. 


Electrical communication is carried by wire or radio, or by a 


combination of the two. The quality of communication by either wire or 
radio is affected by noise, interference, and distortion. When none of the 
thre are present, the circuit quality and the signals are said to be 
perfect. Although no communication circuit has perfect quality, every 


attempt is made by communicators to reduce the effect of noise, 
interference, and distortion. 


a. Noise. There are two forms of noise: natural and manmade. Natural 
noise results from atmospheric conditions, while manmade results from 
electrical appliances and devices. 


b. Interference. Interference is the disturbance caused within a 
Signal by extraneous signals. Interference in cables usually results from 
electromagnetic or electrostatic induction between wire pairs. Interference 


between radio stations is caused by careless operators or unstable radio 
transmitters. 
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c. Distortion. Distortion is the result of variation or change in the 
amplitude, phase, or frequency of an audio signal, or the change in length 
of DC signal pulses. 


d. Total effect. The total disturbing effect on a signal is the result 


of the cumulative effect of noise, interference, and distortion. Although 
these disturbances can be defined and discussed, they are difficult to 
extract from the signal once they have entered it. Prevention of these 


disturbances is therefore more important than compensating for their effect. 


Learning Event 2: EFFECT OF NOISE. 


The effect of noise on a signal is never known until the signal is 
demodulated. The effect of noise must therefore be observed at the 
receiving device. 


a. General. Noise can occur on specific frequencies, or it can be a 
type that is spread equally over a wide part of the frequency spectrum. 
Impulse noise and AC hum usually are frequency selective--that is, they 


occur only on specific frequencies. Types of noise often present on radio 
circuits, such as thermal noise, cosmic noise, atmospheric noise, etc., are 
generally broad and evenly distributed across a wide band. These noise 


types are classified as "white" noise, to differentiate them from impulse 
noise. 


b. Signal-to-noise ratio. The actual signal strength is not the most 
important factor in a communication circuit, since a weak signal can always 
be amplified. However, noise in the circuit is amplified at the same time. 
Also, additional amounts of noise are added at each amplifier. Therefore, 
the more times the signal is amplified in an overall system, the higher the 
noise level. If the noise level at the receiving device is far enough below 
the signal level so that the receiving mechanism can be adjusted to operate 
only on the desired signal and to ignore the lower amplitude noise, then the 


noise has no effect on the signal. The relationship between the amplitude 
of the signal and amplitude of the noise is called the signal-to-noise- 
ratio. This ratio is the limiting factor for reliable communication. 


Learning Event 3: SUPPRESSION OF MANMADE RADIO NOISE. 


a. An electric spark developed across relay contacts or electric motor 
brush contacts generates RF noise which, unless suppressed, can cause 
disruption of radio reception. Suppression of radio noise from sparking 
contacts can frequently be achieved by devices called suppressors, or spark 
killers. The common type 
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of spark killer used with DC telegraph and teletypewriter relays or keying 
contacts consists of a resistor in series with a capacitor, connected across 
the contacts. The connecting leads must be kept as short as possible. 
Teletypewriter transmission measurement must b taken befor and after 
installation of spark killers to detect any-possible deterioration of 
waveshape that may in turn result in garbled or distorted signals (telegraph 
distortion). The commutators and sliprings of motors and generators require 


only the capacitor for adequate spark suppression. 


b. To suppress noise caused by spark ignition systems, installation of 
standard suppressors without shielding gives considerable improvement at 


4 


frequencies below 30 MHz, and some improvement at higher frequencies. 


Shielding of the device causing the noise may be necessary if suppression 


does not reduce the noise sufficiently. The criticalness of joints and 
materials in high-tension ignition shielding is greatly reduced by the use 
of suppressors. Army tactical vehicles, ngine-driven equipment, and 
electrical and electronic equipment are normally suppressed from 0.15 to 


1,000 MHz. 


c. Radio noise may be "bottled up" within a well-shielded source by 
filters across all leads connected to the source. Typical bypass 
capacitors, even with very short leads, are effective up to only a few MHz, 
sinc they become less ffective above their self-resonant frequencies. 
High-quality feed-through suppression capacitors must b used wher HF 
suppression is required, because they ar ffective up to 1,000 MHz. 


d. When installing cables within the receiving station, it is advisable 
to separate conductors carrying RF signals from all other conductors. It is 
also advisable to pass voice and DC signals through separate cables to 
prevent crossfire of DC pulses into the voice signals. Such crossfire 
sounds like thumps or clicks in the voice signals. This type of noise is 
classified as "impulse" noise. 


e. The ground connection of a radio receiver often carries noise into 


the receiver. The best remedy is to provide short, direct, independent 
connections from the receiver and from the noise source to separate low- 
impedance grounds. Keep all receiver ground leads physically and 


electrically separated from the ground leads of any noise source. 


f. Good bonding maintenance and practices ar ssential to obtain low- 
impedance ground connections between equipment or suppressors and vehicles 
or frames, thereby preventing generation or spread of radio noise. 
Connections should be direct, and 
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contacting surfaces clean, bright, and firmly held together. Movable parts 
should be bonded to the stationary frame with flexible straps of tin-copper 
braid. Such straps should be kept as short as possible to reduce their 


inductance. 


g. Good electrostatic shielding of a receiver (or any noise-producing 
equipment) can be insured by enclosing the receiver in a high-conductivity 


metallic shield, such as solid copper, aluminum shielding, or copper 
screening. All wires entering or leaving the equipment (except the antenna 
leads) should be properly bypassed or filtered. Necessary holes or cracks 
in a shielding should be kept as small as possible. Shielding can be 
improved by bonding the joints at closely spaced points. The lower th 

frequency, the thicker must be the shield. Because of the strong 
electromagnetic field that occurs at low frequencies, a sheet-iron shield 
may be mor ffective than one made of copper or aluminum. 

Learning Event 4: IMPROVING THE SIGNAL-TO-NOISE RATIO. 


Circuit reliability in long-distance radio operation depends to a 
large degree on the signal-to-noise ratio (S/N). The higher this ratio 
(high signal strength compared with noise level), the better are the chances 


£ 


for reliable communication. 


a. Selection of media. Wherever several transmission media are 
available, the technical controller should select the one that provides the 
best S/N for important message traffic. 


(1) Radio propagation predictions help the technical controller to 
select the most reliable transmission frequencies. The predictions tell him 
in advance which frequencies will most likely provide him with reliable 
communication circuits. However, there is no guarantee that the predictions 
will always hold true. Sudden ionospheric disturbances always add elements 
of doubt to the success of HF long-distance radio communication. Of all the 
radio frequencies in the spectrum, only those in the HF range offer long- 
distance transmission at economical levels of transmitting output power 


without resorting to frequent relay stations. There are times when 
communications in the HF band becomes nearly impossible. For this reason 
the Department of Defense has developed and installed a_ satellite 


communication system that does not depend upon the ionosphere. 


(2) Experience has shown that satellite communication systems 
consistently provide the highest quality long-distance communication in 
spite of the relatively low power used in the ground terminal transmitters. 
This quality and reliability results from a combination of line-of-sight 
transmission paths, 
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directional antennas, frequency modulation, and low-noise high-gain 


receivers. Primarily the greatest improvement in the signal is due to the 
line-of-sight transmission path. Moreover, frequencies used are so high 
that they penetrat the ionosphere. Since the radio waves are neither 


reflected nor seriously refracted, they are relatively independent of the 
vagaries of the ionosphere. 


b. Techniques. At the high frequencies used for long-distance 
communication, the S/N can be improved by a number of techniques, most of 
which are applied to the radio receiving station. The radio receiving 
station primarily determines the action to be taken and when that action 
should occur. The radio receiving operator is the first to know when the 
Signal quality deteriorates to dangerous levels. He receives his warning by 
frequent fades and a rise in noise level. The radio receiver can do little 
about the noise that rides on the signal when the signal arrives. However, 
receiver design greatly reduces the amount of internally produced noise, 
especially the "front-end" noise. Specially designed radio receivers 
include RF preamplifier stages called parametric amplifiers. These high- 
gain low-noise amplifiers are to be found in satellite communication ground 
terminals and tropospheric scatter terminals. A list of techniques used to 
improve the S/N in HF long-distance radio communication follows. 


(1) Radio transmitter path. 


(a) Directional antennas. A directional antenna at the 
transmitting station beams most of the radiated energy in the direction of 
the receiving station. A directional antenna at the receiving station 


limits the beamwidth of the received radio signal to the direction from 
which the radio signals arrive. 


(b) Radio propagation predictions. Radio propagation predictions 
inform the technical controller and radio receiving operator which 
frequencies will most likely provide the strongest signal for the time of 
day and season of the year. 


(2) Radio transmitter. 


(a) Single-sideband transmission. Single-sideband (SSB) transmission 
provides a stronger received signal than double-sideband transmission 
because most of the available power is concentrated in the intelligenc 
bearing portion of the signal. Further, the absence of a strong carrier 
prevents heterodyning with adjacent signals, as well as minimizing 
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distortion that occurs when the carrier fades during selective fading 
periods. 


(b) Increase in power output. Although an increase in radiated 
output power does improve the S/N, the improvement is not spectacular. 
Moreover, when the fading conditions create an absence of signal at the 
receiving station, no increase in power can improve the S/N. 


(c) Reduction of bandwidth. By reducing the signal bandwidth at 
the transmitter, the receiver bandwidth can be narrowed a like amount, 
improving the S/N by the numerical value of bandwidth decrease. In other 


words, if the signal bandwidth is reduced to one-half its former value, the 
S/N is improved by a factor of two. 


(d) Change of transmitter frequency. The change of transmitter 
frequency in line with radio propagation predictions is a very effective 
method of improving the S/N. The frequency-changing process is a completely 


coordinated activity under control of the two communicating technical 


controllers, who are alerted to the need for frequency change by the radio 
receiving operators. 


(3) Radio receiver. 


(a) Circuit. A triple-conversion superheterodyne circuit is 
normally used in HF radio receivers to achieve the necessary selectivity and 
sensitivity. 


(b) AGC. Automatic gain control (AGC) helps the radio receiver to 
maintain a relatively constant output in the presence of fading. In SSB 
reception, the reduced pilot carrier normally furnishes the input signal for 
the AGC action. The AGC voltage is proportional to the strength of the 
carrier. 


(c) AFC. Automatic frequency control (AFC) helps to keep the 
receiver tuned precisely to the received pilot carrier in SSB reception, 
thus minimizing the effects of transmitter frequency drift as well as 
stabilizing the value of AGC voltage developed from the pilot carrier. When 
radio receivers and transmitters use compatible frequency synthesizers, the 
importance of AFC is minimal. 


Pas 


(4) Terminal equipment. 


(a) Narrow-band filters. The bandpass of each filter in the 
terminal equipment is designed to pass only the signal components needed to 
convey the information desired and to ignore other frequencies on either 
side of the bandpass. 
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(bo) Peak limiters. Peak limiters reduce the ffect of noise on 
the signal by clipping off the noise peaks above the desired peak level of 
Signal. However, peak limiters can be used only on signals that use 
constant amplitude, such as frequency-modulated (FM), frequency-shift-keyed 
(FSK), or pulse-code-modulated (PCM) signals. Peak limiters cannot be used 
on voice or amplitude-modulated (AM) signals because peak clipping distorts 
the quality of AM signals. 


c. Meaning of S/N. The ratio of the amplitude of the desired signal 
level to the amplitude of noise level at a given point in time. A favorable 
ratio is one in which the desired signal level always exceeds the noise by a 
comfortable margin. 


(1) The human ear is a poor judge of the S/N because the ear is not 
frequency sensitive; it hears all frequencies within its range. If you were 
to listen to the output of a wide-band radio receiver with a pair of 
earphones, you would hear both signal and noise together. Your ear cannot 


separate signal from noise. 


(2) To isolate the signal from background noise, frequency-selecting 
devices must be used, the simplest being a filter. In this way a 
communication channel using a narrow-band input filter hears only that noise 
which passes through the filter along with the signal. The S/N in this case 
is the ratio of the desired signal level passing through the filter compared 
with the noise falling within the bandpass filter. 


(3) There are times when it would appear to the receiving operator 
that the sound of the received signal is so badly smothered in noise that 
communication seems almost hopeless, yet th telegraph terminal may be 


producing perfect copy on the teletypewriters. A terminal can perform in 
this manner because of the succession of narrow-band filters and limiters in 
each channel circuit. The presence of these narrow-band filters explains 


the superiority of VF telegraph channels for reliable communication as 
compared with telephone communication under noisy operating conditions. 


(4) If the received signal is strong, the noise must likewise be 
strong to affect it. If the signal is weak, a weak noise can affect it. In 
other words, S/N expresses the relationship between the signal level and the 
noise level, and has nothing to do with the individual values of signal 
level or noise level. 
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d. Voice communication. Voice communication is unreliable during high 
nois levels ncountered on the long-distance transmission path when 
conditions are poor. The reason for this is that the voice channel uses a 


relatively wide input filter, and the ear is incapable of selecting the 
voice signal out of the noise across the voiceband. 


e. AM vs FM. The question may be asked, "if FM has an inherent noise- 
reduction feature, why not use FM on the HF band?" The answer lies not in 
the technology but in the number of users. The HF bands are so crowded that 


stations must conduct their communication in relatively narrow bands. 


This precludes the use of FM because each FM signal consumes 
relatively large segments of the spectrum. Conversely, the crowded 
conditions of the HF band assure the continuation of narrow-band AM on the 
HF band. On a comparative basis, an FM station consumes at least 50 kHz for 
one voice signal, while a twin-sideband (TSB) AM signal can carry four voice 


Signals in no more than 12 kHz of spectrum. 


Learning Event 5: INTERFERENCE. 


de Radio interference. The two most effective ways of overcoming 
interference on radio systems is to stabilize the radio transmitter output 
Signals, and to train operators to respect frequency assignments. 


Fg 


a. Recent advances in radio transmitter design feature requency 
synthesizers. All frequencies produced by a frequency synthesizer are 
stabilized by a master oscillator, and therefore have comparable frequency 


stability. 


b. Radio operators must select and use only those frequencies that are 
assigned by higher authority. They must also operate their sets to minimize 
transmission over greater distances than intended by using specific antenna 
types and stated output power. 


(1) AM signals. One annoying source of interference between 
conventional AM signals is caused by carrier heterodyne. This means that 
when the carriers of two adjacent AM signals heterodyne at radio frequency, 
the resulting audio beat after demodulation falls within the bandpass of the 
radio receiver output. Single-sideband transmission largely eliminates this 
problem because little, if any, carrier power is transmitted. 
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(2) FM signals. When two FM signals interfere, the stronger of the 
two signals predominates, to the detriment of the weaker. When AFC is used, 
the receiver will retune to pick up the stronger of the two signals. 
Further, the limiters within the receiver will respond most readily to the 
stronger of two input signals. Heterodyning seldom occurs between FM 
signals. 


Learning Event 6: DISTORTION. 


The amount of distortion appearing within the received signal is an 
indication of system linearity. A system could have a low S/N and, at the 
same time, be useless for communication because of high distortion levels. 
Moreover, when distortion exceeds minimum allowable levels, it becomes 


necessary to minimize it through a cooperative effort by system personnel 
under supervision of the technical controller. Further, the type of 
distortion and its effects are related to the type of signal being 
transmitted. 

a. Hearing distortion. The human ear is a poor indicator of 
distortion, since the ear hears everything within the signal. Electrical 
instruments ar therefor necessary to measure the distortion. The 
distortion is first measured at the transmitting end, and then the receiving 
end. The increase in measured distortion is the amount created by the 


transmission path and the receiving equipment. 


b. Harmonic distortion. The presence of frequencies at the output 
(receive) of a channel, caused by non-linearities within the channel, which 
are related to a single applied frequency at the input (transmit) of a 
channel. When a single frequency is transmitted through a channel, if no 
distortion of the signal occurs, the signal at the output of the channel 
will contain only the original frequency transmitted. But, if non-linear 


distortion occurs in the channel, new frequencies are produced which are 


2. 


harmonically related to the fundamental single frequency applied. 


c. Intermodulation products. Intermodulation products (crosstalk) are 
frequencies that are created by interaction of the distortion products in 
the presence of a nonlinear circuit element. The test for intermodulation 


products must therefore be performed by the use of two sine-wave signals 
differing in frequency but having identical amplitude. If a third frequency 
is created by this interaction, its level is a measure of the circuit 
nonlinearity. The ratio of the third frequency signal level to either one 
of the two equal level test tones is called 


Lesson 1/Learning Event 7 


the signal-to-distortion ratio (S/D). The frequency of the third signal is 
chosen to reflect the interaction between th second harmonic of one 
frequency with the fundamental of the other. This test is especially 


important for high-powered SSB radio transmitters. 


Example: Two frequencies, 1,575 Hz and 1,000 Hz, are fed into the 
input of an SSB transmitter. If distortion is present, 
intermodulation will occur among all frequencies developed. 
Among these frequencies is the second harmonic of 1,000 Hz, 
which is 2,000 Hz. The difference between the 1,575-Hz and 


the 2,000-Hz harmonic is now 425 Hz. If we filter out the 
425-H Signal and measure its level, we will have an 
indication of how badly the input signals are being 


distorted and intermixed. 


Learning Event 7: LONG-DISTANCE COMMUNICATIONS NETWORKS. 


= 


Long-distance communications networks are combinations of long-lines 
cable, line-of-sight radio and satellite communication systems. An example, 
a message traveling from Washington, D.C., to Frankfurt, GER may travel any 
one of a number of ways. During its travel the message must pass through a 
number of points where the systems join. These junctures are generally 
called interfaces. Since each of the communication systems has a different 
set of characteristics, each circuit must be conditioned prior to 
interconnection. Failure to properly condition the circuit results in 
distorted and/or noisy signals. And once signals are distorted, nothing can 
be done to remove the distortion products; the only remedy is to compensate 
for their effects. Technical controllers have the task of directing the 
circuit conditioning procedures, and for checking the distortion of 
communication circuits that are routed through their facilities. 


Learning Event 8: CIRCUIT CONDITIONING. 


When audio signals travel over a communication channel, they may be 


affected by variation in amplitude and phase. Circuit conditioning 
therefore is an attempt to return the received signal to as nearly its 
original condition as possible. Variation in the original frequency is not 
likely, but the amplitude may vary at different frequencies. Circuit 
conditioning involves processes of equalization, amplification, delay 
compensation, and frequency translation. The techniques of circuit 
conditioning always involv th measurement of signal levels. This is 


usually accomplished by measuring the level with 
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respect to a normal standard of 1 milliwatt (mw), designated 0 dBm on most 
decibel meters. Higher levels than 0 dBm carry a plus (+) sign, and lower 
levels carry a minus (-) sign. 


a. Equalization. All telephone wires and cables have series inductance 
caused by magnetic fields around the wires and parallel capacitance between 
the wire pairs. The combination of series inductance and parallel 
capacitance causes the line to resemble a low-pass filter. Such a filter 
tends to pass the low frequencies readily but to attenuate the high 
frequencies. Correction of this condition is obtained by bridging circuit 
elements across the line so that they produce the exact opposite effect to 
the line constants. Inserting these circuit elements constitutes the 
process of equalization, which is always accomplished at the receiving end 
of the line. The result of equalizing is to attenuate the low frequencies 
and raise the high-frequency level. Technically, this is accomplished by 
restoring the phase shift between current and voltage to zero across the 
entire range of line frequencies; in other words, current and voltage are 
now in phase. The equalizing procedure always introduces some loss of 
Signal power, so an amplifier normally follows each equalizer in the signal 
path. The amplifier is designed to raise the equalizer output signal level 
to that required by the terminating device. 


b. Delay compensation. Theoretically, transfer of the current and 
voltage elements of a signal takes place instantaneously at the transmitting 
end of a circuit. Consequently there is no delay in power transfer. 
However, as the signal travels down the line, the constants of inductance 
and capacitance take their toll of signal quality by shifting current and 
voltage components of the signal. When the signal arrives at its 
destination, the phase relationship is different from when the signal was 
originally transmitted, and therefore the power within the signal is delayed 
in time. The result of this change is a variation of the signal's 
characteristics at different frequencies within the signal. The waveshap 
of the signal is therefore different when received than when transmitted. 
Obviously, the signal is now distorted. The correction technique involves 
the bridging of circuits containing inductance and capacitance across the 
line to offset the effect of line characteristics which caused the delay. 


This is the principle of delay compensation. Delay compensation techniques 
are analogous to equalization techniques, except that different testing 
devices are used. Delay has the greatest effect on digital signals because 


of the change in pulse waveshape caused by delay. 
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c. Transition delay. In an ideal signal pulse, the change between two 
levels occurs instantaneously. Consequently the transition time between the 
two limits of the pulse is zero. When that ideal pulse travels through a 


device having inductance or capacitance, phase shift causes a delay in 
recognition time of that pulse by the receiving device; The time delay from 
the start of the transition to the time the receiving device senses th 

change is called the transition delay. Delay compensation is used to 
minimize the variation in transition delay; that is, make all delays 
approximately equal to the longest one. In this way the variation in 
transition delay is minimal. It should be apparent that if the beginning 
transition has a different length from the ending transition, the pulse has 
changed length so far as pulse recognition is concerned. Whenever 
transition delays are unequal, pulse lengths vary and the received messag 

will suffer. These principles hold true for telegraph, pulse-code 
modulation, or any other form of pulse transmission. Moreover, the effect 
is related to the length of the pulses. The higher the speed of pulse 
transmission, the shorter are the pulses, and thus the greater is the effect 
a given transition delay has on signal quality. Transition delay is a 
characteristic of a circuit and is therefore an indication of circuit 
quality. The quality of a circuit determines the quality of the signal 
passing through it. The term transition delay is normally used in reference 
to DC signal pulses, while envelope delay is normally used in reference to 
Signal pulses derived from modulation of an AC (VF) carrier wave. When a 
voice channel is conditioned for a voice circuit, and a digital circuit is 
routed over the channel, the channel must be checked for envelope delay. 


d. Frequency translation. When a technical controller attempts to 
interface two communication circuits, he sometimes finds signals other than 
communication signals. Moreover, these special-duty signals sometimes occur 
at different frequencies. If such frequencies are not identical in the two 
circuits to be interfaced, frequency translating devices will have to be 
incorporated in the interfacing facilities. These special-duty signals are 
used for signaling, ringing, switching, or testing. 


Learning Event 9: TELEGRAPH SIGNAL QUALITY 


Unlik telephone distortion, which you can detect by poor sound 
quality, telegraph distortion does not make its presence known until it 
becomes so bad as to cause the teletypewriters to misprint. Because of this 
fact, one of the major duties of a technical controller is to periodically 
measure the distortion in the DC receive telegraph loops. Only in this way 
can he determine that signal quality is deteriorating. If he waits until 
misprinting occurs, he has delayed too long; the channel 
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must be removed from service until the trouble is cleared. The technical 
controller must understand that when the circuit distorts the telegraph 
Signals, little can be done to remove the distortion. Part of his job is to 
report the existence of the distortion and to compensate for its effect 
whenever he can. The task of finding and removing the source of distortion 
belongs to the equipment technician. Moreover, removing the cause of 


distortion is a far more useful operating technique than compensating for 
the effects. 


a. Sources of telegraph distortion. Telegraph signal quality can be 
impaired anywhere along the communication system, from message transmission 
to message reception. The communication system may include cable circuits, 
radio CITecuLes, and carrier channels, as well as the terminating 
teletypewriter sets. Telegraph signal quality can also be impaired by 
interfacing communication circuits and signals that are not compatible. 


(1) Teletypewriter sets. The driving motors of teletypewriter sets 
must rotate at the same speed to print good copy. Minor speed differences 
can be accommodated by the synchronizing scheme of the telegraph signals. 
Major differences in motor speed must be corrected before the system can be 
turned over to traffic. Moreover, the selecting mechanism within each 
printer must "see" and correctly interpret the information from the received 
Signal pulses. If system analysis proves that motor speeds are correct and 
the teletypewriters are free of signal distortion, the remaining distortion 
in the system is created within the facilities that interconnect the 
teletypewriters. 


(2) Information transfer. The telegraph signal code used _ for 
teletypewriter communication consists of a series of DC pulses in a 
prearranged code. The intelligence conveyed by the code is included within 
the space-to-mark and mark-to-space transitions. As the pulses travel 
through a communication facility, the change in pulse waveshape causes the 
delays in transitions. Likewise, improper loop current and maladjustment of 
equipment items can cause variations in transition time. However, as long 
as enough of the pulse arrives to be recognized by the terminating device, 
the message should be printed correctly. Misprinting occurs when the 


transitions are displaced in time beyond the capability of the printer to 
interpret the code combinations correctly. 


(3) Channel bandwidth of telegraph carrier terminal. When DC 
telegraph signals enter a channel of telegraph carrier equipment, the 


information contained within the telegraph pulse transitions is impressed on 
the carrier. The rate of occurrence of these 
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transitions is related to the speed of transmission. Likewise, th xpanse 
of sidebands developed in the modulation process are related to the speed of 
transmission. Since each channel contains a send filter to limit the 
expanse of sidebands, the bandwidth of this filter limits the speed of 
transmission that the channel can carry. The higher the transmission speed, 
the wider must be the channel bandwidth. Increasing the transmission speed 
beyond the channel capability is almost certain to result in excessive 
telegraph distortion. 


b. Data-transmission. The use of data signals is rapidly increasing in 
military communications. Since data pulses are much shorter than normal 
telegraph pulses, more pulses are used in the code and the keying rate is 
faster. Existing telegraph terminals designed for teletypewriter 
transmission cannot be used directly for data, but changes can be made to 
accommodate the higher speed data signals. Four methods that can be used to 
accommodate the data signals in a communication system using telegraph 
terminals are: 


(1) Use telegraph carrier equipment having wide-band channels. 


(2) Slow down the rate of keying to the equivalent rate of telegraph 
transmission so that the signals may pass over a narrowband channel of 
existing terminal equipment. 


(3) Replace existing telegraph carrier terminals with terminals 
having enlarged bandwidth capabilities. 


(4) Use serial-parallel transmission. 


c. Serial-Parallel transmission. Operating principles of serial- 
parallel transmission are illustrated in figure 1. This is a system to make 
use of low-speed narrow-band channels of a multichannel frequency-division 
multiplexing (FDM) terminal for the purpose of transmitting high-speed data 
signals. 


(1) Figure 1 illustrates one-way transmission only, using a two-wire 
line. When four-wire transmission is used, a full-duplex circuit can be 
established, each two-wire line being used for one direction of 
transmission. 

(2) Each station has a compatible serial-parallel converter. In 


minimizing distortion it is most important that the converter at the east 
station be synchronized to the incoming signal so that the switching occurs 


in the same sequenc as the received signal pulse. As a signal pulse 
arrives in the DC receive loop of a given channel, the converter is 
sequentially switched to sample the output of that channel. Failure to 


maintain synchronization causes distortion of that received signal. 
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(3) The converter attached to the DC send loops at the west station 
sequentially switches the very short data pulses from the data bit stream 
into telegraph terminal channels. Besides the switching function, the send 
converter extends each code pulse to the length of a normal teletypewriter 
Signal for transmission over the corresponding channel of the terminal. 


(4) Conversely, the receiving converter samples the appropriate 
channel having a normal-length teletypewriter pulse, and produces a short 
data pulse. Sequential switching reconstructs the data bit stream for use 
in the data receiving terminal. 
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Learning Event 10: COMMUNICATIONS CONTROL. 


Every communications system, regardless of size or complexity, must 


have centralized control. Lacking such control, the maze of comminations 
channels that make-up a modern communications system becom hopelessly 
entangled. Under proper supervision, direction and control, these circuits 


are made to serve all users of the DCS System. 


a. Technical control centers are located at each end of a multichannel 
system. Facilities are provided for operators or technician to communicate 
with each other. Using the order wire channel, they coordinate their 
activities to achieve maximum use of available facilities. 


b. The technical controller must have a thorough knowledge of the 
varied types of communications systems and equipment in use today. The 
technical controllers at the different facilities must work together as a 
team to provide communications that meet or exceed the Defense 
Communications Agency (DCA) standards. 


Learning Event 11: CATEGORIES OF DCS SERVICE. 


a. Many types of communication services are provided by the Defense 
Communications System (DCS) under control and supervision of DCA. To aid 
DCA in establishing control and supervision, DCA publishes a DCS Technical 
Schedule to provide a common language for DCS circuit ordering, allocation, 
activation, operation and maintenance. They serve two primary purposes: 


(1) Service description tables. Provides a guide for the circuit 
engineer to identify standard circuit performance parameters used to support 
a particular service. 


(2) Circuit parameter tables. Provides the allocator/engineer with a 
shorthand method of specifying quality control circuit parameters in the 
Telecommunication Service Order (TSO) without providing details of the 
required performance. 


b. The technical schedule includes a brief description of the type of 
service to be provided along with the circuit parameter code. 


c. User-To-User circuits. Is a circuit of any organization, unit, 
office or individual that has equipment connected to a DCS circuit and uses 
the DCS for communications. Basically it is a term used to identify two 


user terminals directly connected through the DCS. 
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d. Automatic switching networks. These networks include automatic 
voice (AUTOVON), automatic digital networks (AUTODIN) and automatic secure 
voice communications (AUTOSEVOCOM). 


e. Circuit requirements. The requirements of circuit quality vary with 
the type of service. The least stringent requirements are imposed on voice 
(telephone) circuits, and the most stringent requirements being placed on 
the automatic switching networks. 


f. Quality requirement categories. The required categories of 
parameters for circuit quality generally include frequency response, 
nvelope delay, noise, crosstalk and harmonics. Some parameters are more 
important to voice communications whil some are more important to data 
communications. Especially important to data communications are the 
parameters of frequency response and nvelope delay. Equalization is 
therefore one of the first operations a technical controller will perform to 
condition a voice circuit for high-speed data communications. Equalization 
may not be critical in voice circuits such as ringdown and telephone, but it 


is always essential in automatic switching networks passing over voice 


Eg 


facilities and usually require equalization. 


Learning Event 12: STANDARDS FOR NOISE MEASUREMENT. 


a. Noise weighting. Noise weighting is a commercially developed rating 
system to identify the characteristics of the type of a receiving element in 


a telephone handset (subset). Each type of receiving element has a 
characteristic curve that relates th interfering effect of noise on a 
received voice signal. Data for these curves were arrived at through 


statistical analysis of listener's reports of voice understandability in the 
presence of known values of noise amplitude and frequency. Noise weightings 
therefore refer to specific handset (subset) types and for this reason must 


carry identification of the receiving element in the handset. Noise- 
measuring test sets are calibrated in weightings similar to those given th 
telephon receiver. When tests are made for other than voice 


understandability (data, for example), the test set must indicate the limits 
of the frequency band over which the weighting is specified. 


(1) FlA-Line weighting. FIA represents the class of weighting used 
in a noise-measuring set to measure noise on a line that is terminated by a 
302-type or similar subset. 


(2) HAl-Receiving weighting. HAl-receiver weighting is used in a 
noise measuring set to measure noise across the HAl receiver of a 302-type 
or similar subset. 
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(3) C-Message weighting. This is noise weighting used in a test set 
to measure noise on a line that is terminated by a 500-type or similar 
subset. C-message is the most widely used type of weighting in military 


voice communication. 


(4) Flat weighting. The amplitude-frequency characteristic of a 
noise-measuring set is flat over a specified frequency range, which must be 
stated in descriptions of the equipment. The range is usually controlled by 


an input filter. 


(5) Psophometric weighting. This is a type of noise weighting 
established by the Consultative Committee for International Telephone and 
Telegraph (CCITT) for use in a noise measuring set known as a psophometer. 
The shape of this characteristic is virtually identical with that of FIA 
weighting. Psophometric weighting is used mostly in Europe and is seldom 
employed in the United States. 


b. Units of noise measurement. The units that follow are used to 
xpress weighted and unweighted circuit noise. These units include terms 
used in American as well as international practice. 


(1) DBa (dBrn adjusted). DBa (dBrn) is the noise level in a circuit 
having F1lA-line or HAl-receiver weighting. O dBa is noise power of 3.16 
picowatts (-85 dBm), equivalent to 0 dBrn (-90 dm or 1 picowatt with C- 
message weighting) adjusted to FIA weighting. 


NOTE: A l-milliwatt 1,000-Hz tone will read +85 dBa. However, 
the same power in white noise, randomly distributed over a 
3-kHz band (nominally 300 to 3,300 Hz) will read 3 dB less, 
or +82 dBa. 

(2) DBa (FIA). DBa (FIA) is the noise level measured on a line by a 


noise-measuring set having FlA-line weighting. 


(3) DBa (HA1). Weighted noise power across the receiver of a 302- 
type or similar subset measured by a test set having HAl receiver weighting 
is identified as dBa (HA1). 


(4) DBaod. The power level of noise can be referred to the signal 
level at a particular point in the circuit. In this case, the signal level 
becomes the referenc (0). Noise measured in dBa with respect to this point 


is called dBa0O. 


NOTE: 


GI 


It is preferred to convert circuit noise readings from dBa 
to dBaO, as this makes it unnecessary to know or state the 
relative transmission level at point of actual measurement. 
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(5) DBm. This term refers to power level with respect to milliwatt, 
whatever the source. Thus dBm can represent either signal level, noise 
level, or a combination of both. Th power level of 1 milliwatt is 


indicated by the term 0 dm. 


NOTE: In American practice, unweighted measurement is normally 
understood, applicable to a certain bandwidth which must be 
stated or implied. n European practice, psophometric 
weighting may be implied, as indicated by content; 
equivalent to dBm0Op, which is preferred. Only American 
practice is discussed in this text. 


(6) DBmO. In noise power measurement, noise power in dBm can be 
referred to the normal signal level at a point in the circuit. This 
measurement is designated dBm0. 


(7) DBrn. Reference noise (rn) signifies a level 90 dB below O dBm, 
or -90 dBm (1 picowatt). 0O dBrn is therefore equivalent to -90 dBm of noise 
power, while OdBm is equivalent to +90 dBrn. When C-message weighting is 
used to measure noise across the VF band, noise level equivalent of O dBm (1 
milliwatt) at 1,000 Hz is +88 dBrn. 


(8) DBrn (C-message).. Weighting should always be indicated in 
parenthesis. DBrn (C-message) weighting is level of noise measured on a 
line-measuring set with that weighting. Noise power is usually abbreviated 


dBrne when so weighted, and parentheses thereby become unnecessary. 


(9) DBrncOQ. When noise power is measured on a set with C-message 
weighting and referred to the normal signal level passing the point of 
measure, the noise level is quoted as dBrnc0O. 


(10) DBrn (f£1-fo9). This expression indicates the measured noise level 


compared with th referenc of 90 dBm (0 dBrn) when measured across the 
voiceband shown within the parentheses. 


c. Calculations. Noise levels in dBa and darn are measured by test 
sets. Noise levels in dBaO and dBrncO are not measured; they are calculated 
by taking into account meter readings, circuit weightings, and relative 
Signal levels. 
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LESSON 1 
PRACTICE EXERCISE 


In each of the following xercises, 
completes the statement or answers the question. 
circling the correct l 


from 
Good 


Circuit suffers 
and attenuation. 


Bay Every communication 
interference, distortion, 
indicated by the absence of 


a. distortion, noise, and attenuation. 
b. interference, distortion, and noise. 
c. noise, attenuation, and interference. 


d. attenuation, interference, and distortion. 
2. Technicians use the term "white" 
from the effects of other noise types. White 
cumulative effects of 

a. impulse, thermal, and cosmic noise. 

b. cosmic, atmospheric, and impulse noise. 

c. thermal, cosmic, and atmospheric noise. 

d. atmospheric, impulse, and thermal noise. 
353 The signal-to-noise ratio, total noise, 


gain have their effects on the reliability of 
factor of reliability is the 


a. signal-to-noise ratio. 


b. amplifier gain. 


c. signal power. 


total noise. 


21: 


select the 


tter in the subcourse booklet. 


noise to differentiate 


Signal power, 
communication. 


ONE answer that BEST 
Indicate your solution by 


the effects 
communication 


of noise, 
quality is 


its effects 
results from the 


noise 


and amplifier 
The limiting 


4, A combination of a resistor and capacitor is commonly used to reduce 
electrical noise. This combination of components will usually be found 
connected across 


a. movable parts of shielding. 


b. radio receiver to ground leads. 


c. telegraph relay keying contacts. 


d. commutators of motors and generators. 


5% Peak limiters improve S/N in terminal equipment that demodulates an 
FM-type signal. However, peak limiters cannot be used on AM signals because 
limiters 


a. distort the quality of the signals. 
b. limit the bandpass and prevent passage of all signal elements. 


c. balance out the carrier, leaving only the sidebands to heterodyne 
and create distortion. 


d. remove selected noise components and in the process remove desired 
Signal components. 


oe When two adjacent AM signals are received, the carriers sometimes 
interact and cause heterodyning. This condition usually causes 


a. an audio beat frequency within the bandpass of the radio receiver 
output signal. 


b. the receiver to pick up the stronger of the two signals, to the 
detriment of the weaker. 


c. an increase in the background noise due to the reduction of AGC 
voltage. 


d. the peak limiters to react, thus improving the S/N by clipping the 
heterodyning noise. 
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Intermodulation products are detrimental to good communication 


quality. The level of intermodulation product is an indication of 


8. 


a. 


b. 


Cc. 


d. 


Signal-to-noise ration. 


Signal-to-distortion ratio. 
distortion on a single test tone. 


heterodyning between the two test signals. 


To determine the level of harmonic distortion created by a circuit, 
you must feed into the circuit a 


a. single tone frequency and listen to the output signal. 

b. wide-band input signal and note the change in output 
level. 

c. Single tone frequency and isolate the harmonic with filter. 

d. wide-band input signal and measure th level of intermodulation 
product. 
9. Each circuit using an equalizer also normally uses an amplifier 
because th qualizer 

a. attenuates frequencies unevenly. 

b. always translates the line frequency. 

c. bridges circuit elements across the line. 

d. always introduces some loss of signal power. 
10. Equalization of a line is always accomplished at the receiving end of 


a circuit because the technician cannot know how the line has affected the 
Signal until after the signal has passed through the line. Equalization is 
necessary because most telephone lines 


a. 


Lom 


Q 


exhibit characteristics of high-pass filters. 
have series capacitance and parallel inductance. 


pass low frequencies readily but impede high frequencies. 


have distributed resistance throughout the length of the lines. 
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11. Assume that a circuit has been equalized to meet all requirements for 
satisfactory voice communication. If VF data signals are to be sent over 
this circuit, the circuit conditioning technician must also check for 


a. uniform frequency response. 
b. variation in envelope delay. 
c. overall line loss. 


d. interference. 


12. Telegraph carrier sending channels may cause degrading of the signal 
quality in the presence of rising transmission speeds. The primary cause 
for this change in signal quality is the 


a. shortened transition delays. 


b. bandwidth of the send filters. 
c. time delay in relay operation. 
d. response of the electronic keying circuits. 
13. The serial-parallel method of operating through FDM communication 


terminals is intended to allow high-speed data signals to be transmitted 
over 


a. wide-band voice channels. 
b. narrow-band voice channels. 
c. wide-band telegraph channels. 


d. narrow-band telegraph channels. 


14. The most important principle in minimizing distortion in serial- 
parallel operation is 


a. sequential switching of the data bit stream. 
b. sampling of the output signal of the receiving channel. 
c. lengthening of the short data pulses to normal-length tt pulses. 


d. synchronizing the receiving converter with the received pulse 
sequence. 
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Technical schedules published by DCA show circuit parameters for all 
the services provided by the DCS. The most stringent circuit parameters are 
required for 


16. 


quality. 


a. 


b. 


GC. 


d. 


facsimile. 


nonsecure voice. 


automatic switching networks. 


automatic secure voice communication. 


Circuit parameters are important in establishing standards for circuit 


Circuit 


parameters that are especially important to high-speed 


data communication over voice circuits are 


LT 


Pag 


18. 


message. 


a. 
b. 
Gs 
d. 


The need 
facilities. Equali 


a. 
b. 
Cis 


ol 


noise andc 


interferenc 


rosstalk. 


e and noise. 


amplitude-Frequency response and interference. 


frequency response and envelope delay. 


for equalization depends on the type of service and the line 


ation is always essential for circuits in automatic 


secure voice circuits passing over a wide-band radio set. 


digital networks passing through a wide-band modem. 


switching networks passing over voice facilities. 


voice networks passing through coaxial cable. 


Assume that a noise measuring test set has a switch position marked C- 
This switch arranges the circuit in the test set to give it 
characteristics of a 


a. 


b. 


Q 


500-type su 
302-type su 


bandpass in 


line termin 


bset. 
bset. 
put filter. 


ated in a 302-type subset. 
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19°, Technical control personnel must be able to recognize the significance 
of terminology abbreviations such as dBm, dBr, dBa, and dBrn. The term 
which can be used to indicate the power level of either signal or noise is 


a. dBrn. 

b. dBr. 

c. dBa. 

d. dBm. 
20. Assume that a noise reading of +68 dBrn (C-message) is obtained on a 
noise measuring test set. This indicates that the level is 


a. higher than 0 dBrn and the line is normally terminated by a 500-type 
subset. 


b. lower than 0 dBrn and the line is normally terminated by a 302-type 
subset. 


c. higher than 0 dBa and the line is terminated by a circuit that has a 
flat frequency response. 


d. lower than dBaO and the line is terminated by a resistor. 


Check your answers with Lesson 1: Practice Exercise Solution Sheet (page 
103) and make necessary corrections. 
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SHOULD I TAKE 
THE LESSON 
OVER ? 


Lesson 2/Learning Event 1 
LESSON 2 
CONCEPTS OF CIRCUIT CONDITIONING 


TASK: Describe the duties of technical controller, determine 
circuit parameters using the Defense Communication System 
(DCS) technical schedule, and if VF circuits meet selected 
parameters. 


CONDITIONS: Given information about the duties of a technical 
controller, description of DCS technical schedule, and an 
extract from DCAC 300-175-9 of a DCS Technical Schedule. 


af 


STANDARDS: Demonstrate competency of the task skills and knowledge by 
responding to the multiple-choice practice exercise; select 
the ONE answer that BEST completes the statement or answers 
the question, covering concepts of circuit conditioning. 


(This objective supports Tasks 113-616-3018, Test Circuit for Impulse Noise, 
TD-8; 113-616-3020, Test Circuit for Composite Data Transmission Level, TD- 
10; 113-616-3062, Determine Test Tone Level; 113-616-3075, Test Circuit for 
Basic Noise, TD-6; 113-616-3031, Perform In-Service QC Tests.) 


REFERENCES: DCAC 310-70-1, Volume I, II, and III, Supplement 1 and 2 to 
Volume II, DCAC 300-175-9 


Learning Event 1: THE THREE A'S OF CIRCUIT CONDITIONING. 


The duties of a technical controller include three interrelated 
operations: Analyze, apply and adjust. Although the duties involved with 
circuit activations affect the circuit conditioner, responsibility for 
activation rest with the technical controller. 


a. Analyze. Using testing devices, the circuit conditioner must be 
able to analyze new circuits prior to activation, and to analyze existing 
circuits for troubles when called upon to do so. Further, he must analyze 
telephone circuits to determine whether they can be conditioned to satisfy 
the needs for expanded high-speed servic 


b. Apply. The circuit conditioner must be able to determine the need 


for correction, using specified test equipment items. Further, he must be 
able to select the corrective items needed to achieve the circuit 
requirements. He must also be able to apply circuit data furnished by the 
DCA. 
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c. Adjust. The circuit conditioner must be able to adjust corrective 
items so as to meet requirements of circuits and to use test items in 
verifying that requirements have been met. Corrective items on VF circuits 
include equalizers, pads, amplifiers, and terminating resistors. Corrective 
items on DC circuits include regenerative repeaters, relays, and pulse form 
restorers. 


Learning Event 2: TOOLS FOR TEE CIRCUIT CONDITIONER. 


To provide useful results in circuit conditioning at least three basic 
conditions must be present, as shown in figure 2. Test sets, corrective 
devices, and DCA specifications must all be present at the bay or patching 
panel where circuit conditioning procedures will be applied. 


TEST EQUIP 
ANDINFO 


APPROPRIATE 
PATCHING 
BAY AND CIRCUIT 
CONDITIONER 


RESULTS 


CORRECTIVE 
DEVICES AND 
#¥FQ 


Figure 2. Basic conditions for circuit conditioning, block diagram. 

a. Test equipment and information. Needed test equipment items will 
normally be found at technical control centers and communication nodal 
points. Because of their large size and weight, most test items are rack 
mounted. Since connections with circuits are normally made through patching 
panels, the test sets are usually provided with jack terminations. Jacks 
and patchcords simplify the process of connecting the test sets to circuits. 


An important component of each test equipment item is the instruction 
manual; no test set is complete without it. More important, however, is the 
knowledge concerning the use of the test set. 
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This applies to circuit conditioners, technical controllers, and assisting 
personnel alike. This knowledge is especially important for the technical 
controller because he will often be directing an operation from a distance. 


He must know the capabilities, limitations, and the normal method of 
operation for each item of test equipment. 


b. DCA circuit specifications. The characteristics of circuits will 
normally be specified by the DCA in the form of a Telecommunication Service 
Order (TSO). These characteristics are defined in DCA publications. A 
large variety of technical information is available from the DCA. All DCS 
station headquarters maintain a library of these publications. They can be 
ordered through channels from the Defense Communications Agency. Inspectors 
normally examine the DCA publications library in each station to assure 


completeness. 


c. Corrective devices and information. The principal corrective devic 
for VF circuits is an equalizer. Each equalizer must have an instruction 
book for the circuit conditioner to use since each equalizer is individually 
calibrated. An amplifier having sufficient bandwidth for the service 
specified follows each equalizer in the circuit to make up total line and 
equalizer loss. Part of the equalizer is an impedance-matching transformer 
that is used to match the equalizer to the circuit. 


d. Location. Circuit conditioning is always performed at the 
terminating point (receiving point) of a circuit, and the receiving 
termination of most interface locations. When the overall circuit consists 


of several sections having differing characteristics, each subordinate 
circuit must be conditioned prior to interconnecting to the next circuit. 
The purpose of this procedure is to make every section compatible with the 
next in as many circuit parameters as possible. It is nearly impossible to 
condition an entire circuit consisting of interconnected sections at only 
one receiving termination of the overall circuit. 


Learning Event 3: PRECAUTIONS IN TESTING VF CIRCUITS. 


When using test techniques specified for circuit conditioning, the 
technician must exercis precautions so as to gain satisfactory results 
while at th sam tim insuring the safety of equipment and personnel 
involved. 
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a. Read and study. There is no substitute for knowledge about the test 
equipment used in circuit conditioning. To gain this knowledge, technicians 
must read and study all available information. This must be done befor 
starting any test so that the test method and equipment operation is 
understood. Knowledge will also give an awareness of any special measures 
that should be taken to safeguard equipment and personnel. 


b. Preliminary check. Circuits or segments of circuits being tested 
must not interfere with traffic flow, but must otherwise b under normal 
working conditions. Failure to test under working conditions may require 
retesting. As a preliminary to other test procedures, a listening check of 
the circuit with either high-impedance headphones or an oscilloscope may be 
useful in indicating the presence or absence of tones or other conditions 
that could interfere with test results. Further, a normal test of the line 
for general line condition (shorts, foreign battery, grounds, etc.) with a 
wire test set is definitely in order as a preliminary check. 


c. Grounds. When test equipment and circuits under test require ground 
connections, the connections must be made to a common ground point to avoid 
creating ground return loops which can pick up interfering currents. 


d. Coordination. Circuit conditioning can be successful only as long 
as technicians at both ends of a circuit know what is going on. 
Communication between them must be established and maintained during the 
entire operation. A circuit for this purpose must be independent of the 
order wire, becaus the technical controller will use th order wire. 
Further, both technicians involved in circuit conditioning must realize that 


the one at the receiving termination is responsible for all circuit 
conditioning actions in his direction of signal flow. Control of the 
circuit reverts to the other terminal for the opposite direction of signal 
flow. Coordination between the conditioning technicians and the technical 
controllers is an important function, too, so as to safeguard channels of 
traffic flow. A technician who carelessly interrupts flow of traffic 
irritates his associated technical controller. 


e. Treatment of equipment. Treat equipment with great care; these ar 
precision scientific instruments. Do not allow unskilled personnel to 
operate the test sets. Test equipment connections and switch positions must 
be checked thoroughly before applying power, and power should come from a 
filtered power source when possible. Further, test quipment must be 
properly calibrated at sufficiently close intervals to assure accurate 
readings. 
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f. Impedance matching. Input and output impedances of the test sets 
must match the circuits to which they are applied. Likewise, the input and 
output impedances of the corrective devices must match the circuits and test 
sets. Failure to observe these precautions will cause inaccurate level 
readings. Wher impedances do not match, the technician will have to 
install an impedance-matching transformer or similar device. 


g. Transmission level. All levels must be adjusted to their proper 
values before circuit conditioning tests are started. This procedure has 
two benefits; it assures accuracy of results, and it protects sensitive 
instruments against possible damage. 


h. Location for tests of line condition. The most positive and direct 
method for determining the condition of a telephone line is to pass a signal 
through it and observe the line's effect on the quality of the signal. In 
determining the line's condition by this dynamic method, the technician must 
assure himself that no equipment is included in the initial test. Equipment 
which is capable of either improving the signal quality or degrading it 
gives the technician a false indication of the line's true condition. One 
way the technician can assure himself that he is observing a true line 
condition is to disconnect the line from the circuit at the cable patch bay. 
The signal therefore cannot enter any equipment in the technical control 
center. A careful analysis of the signal quality thereby gives the 
technician a correct interpretation of line condition. 


(1) A list of equipment in a technical control center that may affect 
Signal quality includes pads, amplifiers, signaling units, and_ echo 
suppressors. Compandors, which also affect test results, are normally part 
of equipment items; unless these items are included in the tests, compandors 
need not be considered. 


(2) The technician has a choice of LINE, EQUIP, and MON jacks in the 
receive cable patch bay. When he uses the LINE jack, he lifts the line away 
from all circuits thus eliminating the effect of equipment items on signal 
quality. He cannot lift the line at the EQUIP jack. He can, however, pick 
up the signal in MON jacks. The MON jacks ar intended merely for 
monitoring and not to determine line condition because these jacks do not 
disconnect anything; they merely provide a point where test sets can monitor 
the signal with high-impedance instruments. The high impedance inputs of 
such test equipment assures the technician that the instruments will not 
load the circuit under test. 
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(3) Standard plug-in terminating resistors resembling patching plugs 
may be used as receive terminating devices at the LINE or EQUIP jacks. 
These resistors match the characteristic impedance of the receiving line at 
the patch panels, thus minimizing noise buildup in untested segments of the 
circuit and on the channels or lines under test. 


Learning Event 4: PRECAUTIONS IN TESTING DC CIRCUITS. 


Many of the precautions in regard to VF circuits apply also to DC 
circuits. The major difference is in the characteristics of signal/current. 
Where the important factors in VF transmission are level and frequency th 
important factors in DC transmission are the amount of current and it 
direction. DC circuits are normally tested at the DC patch bays which ar 
remote from the VF bays, thus minimizing the possibility of crosspatchin 
between VF and DC circuits. DC patching is normally performed in loo 
circuits of teletypewriter sets and telegraph terminal equipment. The lin 
side of a telegraph terminal is usually VF, so the rules for VF patching an 
testing apply here. 


atdaQqon o 


Learning Event 5: DESCRIPTION OF DCS TECHNICAL SCHEDULE AND SERVICE. 


Selected samples of DCS technical schedules and codes are contained in 
the appendix, tables 1 through 5. These technical schedules are established 
by DCA, and published in DCAC 300-175-9. They are continually updated and 
modified as needed. The specification originates with a request for service 
by a user or potential user to satisfy the demands of the requested servic 


a. The DCS technical schedule in table 1 is for government owned 
circuits. There are other technical schedules in DCAC 300-175-9 for 
communication circuits leased in CONUS, leased from AT&T, and leased from 
Western Union, but for this lesson we will stay with the government-owned 
circuits. Within table 1 is listed the circuit categories, circuit types 


a 


and type of servic or each circuit by item number. 


(1) Circuit categories. Listed in table 1 are 10 circuit categories 
which have one or more circuit types listed under each category. They are: 
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(a) User-to-user circuits (category 1). User-to-user circuits is 
a type of service where th nd instruments are directly connected through 
the DCS, point-to-point circuits. This category has four types of service, 


voice, facsimile, telegraph and data. 


(b) Voice Frequency Carrier Telegraph (VFCT) Systems (category 2). 
Category 2 only has one type circuit/service, which is the VFCT. 


(c) AUTOVON access lines (category 3). This category has three 
types of circuits/services which is voice grade or special grade that is 
used to access AUTODIN switches. 


(d) AUTOVON trunks (category 4). Category 4 services are 
interswitching trunk circuits, voice grade or special grade used between 
automatic switches by category 3 users. They may be transoceanic circuits. 

(e) AUTODIN access lines (category 5). AUTODIN access lines is a 


digital service used to access the DCS. They range from 75 baud DC keying 
lines to 4800 b/s. The 2400 b/s through 4800 b/s are used to access AUTODIN 
interswitching trunks. 


(f) AUTODIN interswitching trunks (category 6). Interswitching 
trunks are a special grade digital, dedicated circuit between automatic 
switches. They are used by the 2400 b/s through 4800 b/s users of category 
Dx 


(g) AUTOSEVOCOM access lines (category 7). This category of 
service is normally a 4-wire circuit, used to access the DCS and automatic 
switches. They are used between the secure voice terminal equipment and 


technical control facility. 


(h) AUTOSEVOCOM trunks (category 8). This category normally 
services 2400 b/s or 50 kb/s secure voice, and may be a point-to-point or 
routed through automatic switching networks. 


(1) Basic groups, 60-108 kHz (category 9). This category normally 
supports user-supplied Frequency Division Multiplex (FDM) of 60-108 kHz at 
group level between facilities (unconditioned). It also supports a 


conditioned 50 kb/s requirement between DCS facilities with the use of 
Government Furnished Equipment (GFE), data modems and data auxiliary sets, 
etc. 
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(j) Digital services (category 10). This category was designed to 
set standards for channels and circuits routed over digital transmission 
facilities, Pulse Code Modulation (PCM) and Time Division Multiplex (TDM) 
equipments. This type of service is more defined and explained in enclosure 
8, table 1. 


b. Enclosure 1, table 5 contains the cross reference between the item 
number of table 1 and the parameter codes. Each type of service in table 1 
is assigned an item number. When it is necessary to determine a parameter 
code for a specific type of circuit/service, the item number of table 1 must 
be cross-referenced with the parameter code in table 5. 


EXAMPLE: To determin th parameter code for a "nonsecure voice 
circuit" (the first type of service listed in table 1). 


Locate the item number for the nonsecure voice circuit in 
the left column of table 1, which is 1A. 


Turn to table 5 and locate 1A under the column labeled ITEM 
NUMBER. To the right of 1A in the column labeled CIRCUIT 
PARAMETER CODE, is listed the parameter code for the 
nonsecure voice circuit which is V1. 


c. Enclosure 1, table 2 contains specific circuit parameters that 
correspond to the types of services listed in table 1 for voice circuits. 
This table contains the characteristics (type of test) by parameter codes. 
The type of tests (frequency response, nvelope delay, etc.) are listed in 


the left column under characteristics. The next column contains the unit of 
measurement (dB, microseconds, degree, etc.). In the heading of the 


= 


ra 


remaining columns are listed the parameter codes for the voice circuits o 
table 1. To determine the parameters of a specific voice circuit, locate 
the parameter code at the top of table 2. In the column, under the selected 
parameter code will be listed the parameters for the type of test listed in 
the left column. 


EXAMPLE: Determin th parameters for a circuit assigned a V1 
parameter code. 


Step 1. Locate the Vl parameter code at the top of table 
2x 

Step 2. Locate the point under the V1 column that is 
parallel to the first test listed in the left 
column, which is frequency response. At that 
point will be listed the parameters for frequency 
response. 
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NOTE: The first parameter (-8 dB to +20 dB) listed is for non- 


secure voice circuits such as ringdown and telephone wher 
the frequency spectrum tested is from 0.4 kHz to 2.8 kHz. 


The second parameter (-7 dB to +12 dB) listed is for voice 
circuits such as facsimile and DC, where the DC is 
converted to tone on a single channel basis for 
transmission over radio systems. The frequency spectrum 


tested for 


this type circuit is from 0.6 kHz to 2.4 kHz. 


Notice that the parameters are tighter for the single 
channel digital circuits. 


Step 3. 


Step 4. 


Under the Vl column move down to the next test 
listed, which is Maximum Envelope Delay Test. 
This test is not performed on a circuit assigned 
a Vl parameter code, because ther is not any 
parameters listed in the column. 


Move down the column to the next test listed, 
which is Maximum Net Loss Variation. This test 
will be performed on V1 circuits because it has 
parameters listed in the column. 


d. There is a total of 24 tests listed in DCAC 300-175-9 Extract, table 
2, of which 16 are performed on voice circuits assigned Vl parameter codes. 
Continue the procedure used in the above example to determine which of the 


remaining tests must be performed on the circuit and the test parameters. 
Also the same procedure is used to determine which test will be performed on 


any voice circuit listed in 


table 1 and their parameters. 


e. DCAC 300-175-9 Extract, Enclosure 1, tables 3 and 4 contain the 
required information needed to determine the parameters for voice circuits 


assigned X and Z parameter 


codes. The same procedure used in the example, 


also applies to these tables. 


f. Circuit conditioning is normally performed to satisfy the circuit 


requirements, and nothing 


further. Exceeding this requirement takes 


additional time and perhaps additional equipment, as well as more frequent 


routine checks of circuit 


parameters. Since requirements for AUTOSEVOCOM 


are more stringent than for any other type of service, circuits conditioned 


to those requirements 
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can pass any inferior type of signal. However, conditioning all circuits to 
AUTOSEVOCOM requirements seems to be a waste of money and time. On the 
other hand, if circuits are to be switched between different types of 
service, it may be advantageous to condition each circuit to the highest 
requirement, namely AUTOSEVOCOM. Table 5 shows that one schedule may satisfy 
more than one type of service. An example is circuit parameter code D2, 
which is specified in items 1P, 2A and 5C for data, voice-frequency 
telegraph (VFCT), and AUTODIN, respectively. The regional control office of 


DCA selects the appropriate technical schedule and forwards the information 
to station personnel. 


g. Upon receipt of a request for specified service by a subscriber, DCA 
prepares a Telecommunication Service Order (TSO) and forwards copies to the 
various facilities involved in providing the service. The TSO includes, 
among other items, a specification of parameters taken from the DCS 
technical schedules (appendix). The circuit conditioner then clears the 
circuit with the technical controller, and proceeds to condition it. When 
the circuit meets requirements of the parameter code indicated in the TSO, 
it is returned to the technical control. 


h. Circuit parameter codes carrying letters of identification, 
including V, D, S, N, and Z. These generally signify voice, data, special 
grade, DC teletypewriter, and secure voice, respectively. The order of 
ascendancy is likewise V, D, S, and Z. A circuit conditioned for a D 


parameter code can serve for either D or V, but a V code cannot serve for D. 
Of course, any circuit conditioned for Z can serve any lower parameter, 
parameter code N is usually handled as a separate matter. 


i. Frequency response (insertion loss). The most important circuit 
parameters in voice communications to the circuit conditioner are those 
parameters covering insertion loss and envelope delay. Where voice signals 
are transmitted, the insertion loss characteristic assumes th greater 
importance of the two. Where data signals are transmitted, the envelope 
delay characteristic is more important, but for now we will keep the 
discussion with frequency response. 


(a) Channels having poor frequency response generally discriminate 
against frequencies toward the low and high ends of the channel bandwidth 


while favoring the frequencies near the midband. The resulting distortion 
of the composite signals are known as frequency-versus-amplitude distortion. 
Frequency-versus-amplitude distortion is caused by the electrical 


characteristics of communication system components. 


(b) The human ear is fairly tolerant of frequency-versus-amplitude 
distortion; however, excessive distortion can degrade 
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that an oscillator is used to send a test 
in a level meter. 


The 


oscillator is adjusted to place a level of +10 dBm into the line at three 
selected frequencies of 404 Hz, 1004 Hz and 2804 Hz. The results of the 
test are shown below. Total loss is the difference between the input level 
and the receive level of any frequency. Relative loss is the difference 
between the total loss at 1004 Hz and the total loss at the other two 
frequencies. To establish a reference, the loss at 1004 Hz is considered 0 
dB; in this way, losses at the other frequencies can be quoted with respect 
to the reference (0 dB). The relative loss at 404 Hz is 8 dB less than the 
loss at 1004 Hz, so it carries the minus sign (-). The relative loss at 


2804 H 


is 20 dB more than the loss at 1004 Hz, 


so it carries the plus sign 


(+). 
Oscillator Input Receive Totai Relative 
Frequency Level Level Loss Loss 
404Hz +16 dBm -2 dBm 12 dB -B dB 
196H2 +16 dBm -1¢ dBo 26 dB @ dB 
2860Hz +10 dBo -3¢ dBm 4$ dB +26 dB 
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allowable channel noise is measured by a noise measuring set with C-message 
weighting. The unit of measurement is dBrncO, which is noise power in dBrnc 
measured at a zero transmission level point. 


EXAMPLE 1. Parameter S2 allows a maximum variation in net loss of 6 
dB, 3 dB above or below the average received level. The 
level is taken at the test frequency of 1.4 kHz. If the 
average received level is -1 dBm, the received level must 


not rise above 2 dBm or fall below -4 dB at 1.04 kHz. 


EXAMPLE 2. Noise level is usually given in terms of dBrncO. This 
phrase refers to C-message weighting of a circuit whose 
noise level is compared with the transmission level point 
(TLP). Noise parameters are identical for all similar 
mileage distances in table 2 for schedules S1 through D2. 


All of these figures are positive, indicating that noise 
levels are above OQ dBrn. However, these figures are not 
levels; they ar the decibel requirements of the 
parameters. If th requirement is 37 dBrn, the actual 
noise level is 37 dB above -90 dBm. Numerically, it is the 


difference between -90 and 37, or -53 dBm. 


EXAMPLE 3. Assume that a communication circuit is 980 miles long and 
the measured noise level is -38 dBm. Does the circuit meet 
d 
e 


requirements? No, because the difference between -38 an 
-90 dBm is 52 dB, greater than the 41 dB allowed in th 
parameters. 


Learning Event 6: EXPANDED CIRCUIT PARAMETERS. 

a. Circuit parameters are greatly expanded to provide AUTOSEVOCOM 
service 
schedules Z1, 22, and Z3 in tables 3 and 4 establish the parameters for 10 


to 50,000 Hz over metallic facilities without regenerators. These 
parameters are based on full-duplex operation using four-wire termination, 
with impedance and source load at 135 ohms. The level of the baseband input 


Signal is 0 dBm, which is 1.04 volts peak to peak at 135 ohms impedance. 


bs “Ci reure parameters are also greatly expanded for the 50 
kilobit/secencrypted voice transmission system (AUTOSEVOCOM) designed to 
provide service within a bandwidth of 48 kHz over long-distance carrier 
facilities. With this method of use, four normal voice channels in the 
carrier terminal are replaced by one 48-kHz special service band. Schedule 
Z4 shown in table 4 shows the parameters for the carrier method of 
operation. 
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LESSON 2 
PRACTICE EXERCISE 


In each of the following exercises, select the one answer that best 
completes the statement or answers the question. Indicate your answer by 
circling the correct letter in your subcourse booklet. 


alge The duties of a circuit conditioner can be described by the three A's 
which stand for 


a. analyze, apply, and adjust. 
b. apply, adjust, and activate. 
c. adjust, activate, and analyze. 
d. activate, analyze, and apply. 


2s One characteristic of most test equipment items located in a control 
facility is that they usually have 


a. jack terminations to simplify making connections. 


b. battery-operated power sources for maximum portability. 


c. counters instead of meters to simplify recording procedures. 


d. solid-state circuits to minimize weight and size for ease in 
carrying. 


om One of the reasons a circuit conditioner must thoroughly know all 
aspects of his profession is that he may be called upon to control 
procedures from a distance. This situation comes about because 


a. he may have to direct operations from every transmitting point in 
the system. 


b. circuit conditioning may have to be done at the receiving 
termination of every nodal point. 


c. all circuit conditioning is performed principally at receiving 
terminations of multisection communication circuits. 


d. he needs reports on errors in the traffic flowing over the 
conditioned circuit. 
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4, One function of terminating resistors that resemble patching plugs is 
to reduce noise buildup on lines during tests. These plugs are used to 


a. ground the line through a resistance. 


b. dissipate the noise power developed on lines. 


c. load the lines during the equalizing process. 


d. terminate lines in their characteristic impedance. 


DY Communication must be maintained between circuit conditioners working 
at opposite ends of a system to assure coordination of their activities. 
The normal communication channel between them is through 


a. ground return. 


b. the order wire circuit. 


c. the line being conditioned. 


d. a circuit independent of the order wir 


6. A circuit conditioner should listen on the line with a high-impedance 
headset before starting conditioning procedures. 


The purpose of this preliminary check is to determine whether 


a. signals have correct levels. 


b. the line needs equalization. 


c. the line is open, shorted, or grounded. 


d. signals that could interfere with tests might be present on the 


line. 
Ts While the circuit conditioner tests DC circuits, he must use certain 
precautions to protect the test equipment. These precautions include 


knowledge of the 


a. amount and direction of current flow. 


b. signal level and amount of current flow. 


c. amount of current flow and signal frequency. 


rad 


d. signal frequency and direction of current flow. 
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8. Circuit planners in the DCA normally designate the parameters at the 
time that the 


a. circuits are initially activated. 
b. technical controller patches the circuits. 
c. subscriber requests a particular type of service. 


d. circuit ends are terminated in corresponding equipment items. 


9. The DCA lists several circuit parameters in defining voice circuit 
requirements. The most important circuit parameter listed is the 


a. insertion loss characteristic. 
b. envelope-delay distortion. 

c. intermodulation distortion. 

d. noise level. 


SITUATION 


Circuit parameters are listed in tables given in the 300-175-9 
Extracts. To be a successful circuit conditioner you must be familiar with 
them and be aware of their significance. 


Exercises 10 through 16 are based on this situation. 


10. Three services that use circuit parameter code VI (tables 1 and 5) are 


a. 066-063 IBM, facsimile, and nonsecure voice. 


b. facsimile, nonsecure voice, and voice-grade AUTOVON. 


c. voice-grade AUTOVON, voice-grade interswitch, and 066-063 IBM. 


d. nonsecure voice, voice-grade AUTOVON and voice-grade interswitch 
trunks. 
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Td. Assume that a subscriber has shown a need for 100-wpm DC 
teletypewriter service. The DCA circuit planner therefore specifies in the 
Technical Service Order parameter code 


a. Nl 

b. N2 

c. N3 

d. D2 
zee Assume that the technical controller has available circuits carrying 
parameter codes Vl, Sl, S2, V2, Dl and Zl. Which incoming circuits can be 


patched over the outgoing circuit carrying Dl parameter code? 
a. Vl and V2. 
b. V2 and Sl. 


c. Sl and S82. 


d. S2 and Zl. 


13% Assume that the Telecommunication Service Order indicates the need for 
the schedule Z4 parameter. This parameter indicates that the carrier system 
should be conditioned for 


a. 50-kilobit/baseband. 
b. 20-kilobit/second data rate. 


Cc. voice at a level of -17.5 dBm. 


d. voice at a level of -21 dBm. 
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14. The parameter code that covers trunk circuits utilized between two 
Switchboards is the 


a. Z1 parameter code. 
b. Z3 parameter code. 


c. Z2 parameter code. 


d. Xl parameter code. 


15. Assume that in comparing four conditioned circuits you find one has 
less than 3000 microsecond delay characteristic. This circuit will satisfy 
the circuit parameter of delay for schedule 


a. D2 parameter code. 
b. Sl parameter code. 


c. S3 parameter code. 


d. N3 parameter code. 


16. Schedules Z1, 22, and Z3 have some similarities. However, schedule Z3 
(table 4) is different in that it is intended for transmission of 


a. clear-text voice over metallic facilities. 


b. VF telegraph over telephone carrier channels. 
c. DC telegraph over VF telegraph carrier channels. 


d. trunk circuits used between two switchboards. 


SITUATION (Cont) 


As part of your training, you have been told to check an incoming line 
for nonsecure voice transmission. When you measure the incoming signal test 
tone of 1,004 Hz, you find a level of +2 dBm at the output of having -26 dB 
gain. Refer to DCAC 300-175-9 Extract table 2 for circuit parameters. 


Exercises 17 through 20 are based on this continued situation. 
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17. 


To meet requirements for nonsecure voice transmission 


(code V1), 


Signal level should be no higher 


a. +10 dBm at 0.4 kHz, 


bis 8 


Ge 8 


d. -10 dBm at 4.0 kHz, 


18. 


sending terminal 


terminal. 


Bm at 0.4 kHz, 


Bm at 0.4 kHz, 


The maximum net loss is the total loss between 
compared 
To meet requirements of 


as 


and no lower than -18 dBm at 2.8 kHz. 
and no higher than +20 dBm at 2.8 kHz. 


and no lower than -20 dBm at 2.8 kHz. 


and no higher than +18 dBm at 2.8 kHz. 


with the output level of the 


the 


the input level of the 
receiving 
fF the maximum net loss variation parameter, 


the sending terminal must be transmitting at a level that lies between the 


limits of 


a. -6 dBm and +2 dBm. 

b. -6 dBm and -2 dBm. 

c. +6 dBm and -2 dBm. 

d. +6 dBm and +2 dBm. 
HS ee The level of noise allowed on a particular channel is 46 dBrn, what 
would that noise level b qual to in dBm? 

a. —-56 dBm. 

b. —-54 dBm. 

c. -46 dBm. 

d. -44 dBm. 
20. Assume that you want to find a parameter that states relative loss for 
a subscriber-to-switch circuit in 50-kHz wide-band service over metallic 
facilities. You will look in parameter code 

a. Zl. 

b. 22. 

C2 Z3% 

d. 24. 
Check your answers with Lesson 2: Practice Exercise Solution Sheet (page 


104) 


and make necessary corrections. 
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LESSON 2 
CONCEPTS OF CIRCUIT CONDITIONING 


SHOULD I TAKE 
THE LESSON 
OVER? 


Lesson 3/Learning Event 1 


LESSON 3 
CIRCUIT CONDITIONING TEST SETS 


TASK: Identify the type of the test equipment, describe the 


function of the front panel controls and characteristics of 
the test and equalizer equipment. 


CONDITIONS: Given information about the type, use, characteristics and 
function of the front panel controls for the test and 
equalizer equipment used in circuit conditioning. 


STANDARDS: Demonstrate competency of the task skills and knowledge by 
responding to the multiple-choice practice exercise; select 
the ONE answer that BEST completes the statement or answers 
the question, covering circuit conditioning test sets. 


(This objective supports Tasks 113-616-3018, Test Circuit for Impulse Noise, 
TD-8; 113-616-3020, Test Circuit for Composite Data Transmission Level, TD- 
10; 113-616-3026, Determine Test Tone Level; 113-616-3075, Test Circuit for 
Basic Noise, TD-6; 113-616--3031, Perform In-Service QC Tests.) 


REFERENCES: Manufacturer's Manual for Transmission Impairment Measuring 
Set (TIMS) 4940A, TM 11-6625-602-12, Test Set Telephon 

AN/USM-181, TM 11-6625-2463-12, Noise-Level Measuring Set, 
TTS-37B, TM 11-6625-2658-12, Oscilloscope AN/USM-281C, TM 
11-5805-673-14 & P, Equalizer Group OA-8804 


Learning Event 1: TYPES OF TEST INSTRUMENTS. 


Within the DCS technical schedules, the large number of parameters 
that have to be satisfied for successful circuit conditioning requires a 
large variety of generalized and specialized test equipment items. Further, 
some test items are limited to use by circuit conditioners, while others are 
used by both circuit conditioners and technical controllers. Almost all 
listed instruments use dynamic testing principles; they perform their 


£ 


functions by measuring or indicating signal characteristics. 


a. General test equipment. Generalized test equipment items include 
several commonly used sets that are found in most technical control 
facilities. These include oscilloscopes, VF signal generators, decibel 


meters, volume unit indicators, voltmeters, 
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millimeters, telegraph distortion test sets, impulse noise counters, noise 
measuring sets, and telegraph transmission test sets. 


b. Specialized test equipment. Specialized test equipment needed by 
circuit conditioners over and above the generalized test equipment include 
envelope delay test sets, wave analyzers, X-Y recorders, spectrum analyzers, 
and equalizers. Although equalizers are correctiv devices, they are 
adjusted more by circuit conditioners than by technical controllers. 


c. Types of test sets. Wherever standard military test sets are 
available, they should be used. However, where standard military items are 
incapable of measuring parameters required by DCA schedules, commercial 
items must be procured. Many of these commercial items are "off-the-shelf" 
merchandise. Since a number of manufacturers produce satisfactory items for 
this purpose, the list of items may vary from one station to another. When 
selecting such sets, the primary considerations must be the capability to 
measure the parameters in question, and reliability of operation. Other 
items, such as appearance, size, power requirements, mounting arrangements, 
and placements of controls, are secondary considerations. 


Learning Event 2: CORRECTIVE DEVICES. 


The principal corrective device used to condition VF communication 
circuits is an equalizer. For maximum utility in circuits that may be 
required to carry data and secure voice signals, the equalizer should be 
capable of correcting for envelope delay as well as the usual function in VF 
circuits for correcting for amplitude-frequency distortion. 


49 


Lesson 3/Learning Event 3 


Learning Event 3: TRANSMISSION IMPAIRMENT MEASURING SET, MODEL 4940A 
Transmission impairment measuring test set, Model 940A shown in 
figure 3 is designed to measure data handling capability of voice 


communication channels. 


Figure 3. Transmission Impairment Measuring Set (TIMS) HP Model 4940A 


The TIMS is one of the latest impairment test sets acquired by the 


Army for testing communication circuits. It can be used to test 16 or more 
different parameter tests. The standard model is mounted in a fiberglass 
case, however it can be rack mounted if the rack mounting kit is requested 
from the factory when the test set is purchased. The test set is divided 
into two main sections, the transmit and receive. The transmit section is 
used to transmit the test signals required to perform any of the 16 tests 
you wish to perform. The receive section is used to measure any of the 16 


receive test signals and has the capability of giving you a digital readout 
of three parameters at one time. 


50 


Lesson 3/Learning Event 3 

a. Operational controls. All of the controls and jacks are located on 

the front of the test set for easy access. They are arranged in sections 
that correspond to the test that may be performed and the setup procedures. 


(1) Receive/transmit jacks. The receive/transmit jack section is 
used to connect the test set to the circuit under test. This section has 
two 310 jacks, four binding posts, rotary switch, four indicator lights and 
a chassis grounding post. The 310 jacks are used to connect the test set to 
a circuit using patch cords at a patch bay. The binding post may be used 
when there is a requirement to perform a test where there are not any patch 
bays, then individual conductors may be used to connect the test set to a 
distribution frame or cable. The rotary switch is a two position switch 
used to reverse the transmit and receive of the jacks, in the up position 
the left jack is connected to the receive (REC) and the right jack is 
connected to the transmit (TRMT) of the circuit under test. In the down 
position the jacks are reversed (This procedure applies to four-wire 
circuits). When testing a two-wire circuit the left jack will be used. The 
indicator lights indicate which jacks are TRMT and REC. The chassis ground 
post is to be used for ground when a ground cannot be made through the 
sleeve of a 310 plug or the binding post are used to perform a test. 


StCkws Tacs) paces 


(2) Setup controls. The setup controls consist of nine two position 
switches and two indicator lights. The indicator lights operate in 
conjunction with the NORMAL TEST/DIAL TALK and NORMAL TEST/SELF CHECK 


£ 


switches. The switches are sel 


xplanatory, when 


oil 
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the NORMAL TEST/DIAL TALK switch is in the DIAL TALK position, the test set 
is set up to test dial circuits. If the NORMAL TEST/SELF CHECK switch is in 
the SELF CHECK position the test set is in the self check mode and the 
controller can check its operation for each test, frequency response, phase 
jitter, etc. 


(3) Digital display. The digital display provides a three position 
readout of quantitative information for all measurements. The range, 
polarity and decimal points are automatic. The display also indicates 
underrange and overrange by displaying a minus (-) sign for underrange and a 
plus (+) sign for overrange. It can display up to three parameter 
measurements simultaneous, for example, when performing frequency response, 
the specific frequency in hertz and the level of the frequency will be 


displayed. The transmit test signals may be monitored as well as the 
receive signals by switching the DISPLAY CONNECTED TO switch to transmit 
(TRMT) . The indicator light on each side of the switch will indicate which 


Signal is being monitored, receive (REC) or transmit (TRMT). 


‘Poo7. 509 | - 153 


Te S0E0s TOMETENSSION SPRAROT WEARING BET 


52 


Lesson 3/Learning Event 3 


(4) Measurement switch. The MEASUREMENT switch is used to select the 


type of test to be performed, signal loss, frequency response, phase jitter, 
etc. This section does have one special feature, a switch labeled NORMAL 
TEST and 60 Hz RECEIVE FILTER. t is spring loaded and remains in the 


"normal test" position, but when it is depressed to the "60 Hz receive 
filter" position, it filters out any 60 Hz power hum that may be on the 
circuit or line under test. This reduces level measurement error caused by 
AC power related noise. 
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(5) Line monitor. The line monitor section permits you to listen to 
the circuit under test, transmit or receive. The circuit may be monitored 
using the built in speaker or by using a handset plugged into the output 
jack. 


(a) The output jack also may be used to connect an analyzer or 
oscilloscope to further analyze the circuit under test. 
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(bo) The line monitor section is connected to the receive side of 
the -cireurt. To monitor the transmit side of the circuit under test, the 
PRESS TO MONITOR TRANSMIT switch has to be pressed. The volume controls the 
output to the speaker and output jack. 


(6) Transmitter controls. The transmitter control section consists 
of a FREQUENCY CONTROL switch, OUTPUT LEVEL control and NONLINEAR DISTORTION 
SWITCH. 


(a) Frequency control switch. The frequency control switch 
selects the transmit frequency control mode. When it is in the AUTO STEP 
position, the transmit frequency is automatically stepped in 100 Hz 
increments from 204 Hz to 3904 Hz at a rate controlled by the step rate 


control. In the STEPPED 100 hZ position, the frequency in manually stepped 
in 100 Hz increments from 204 Hz to 3904 Hz by pressing the UP or DOWN push 
button switches. When the switch is in the MANUAL position the transmit 


frequency is continuously variable over the range of 200 Hz to 3904 Hz by 
adjusting the manual control. 


(b) Output level control. The output level control is a variable 
control, that will vary the transmitted test signal from a -49 dBm to a +10 
dBm. 


(c) Nonlinear distortion key. The nonlinear distortion key 
permits comparison of a normal test signal and the receive test signal so 
that compensation of background noise can be made. 
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(7) There is a row of 15 push button switches located just below the 
digital readout indicator, which is used in conjunction with the measuring 
switch. The functions of these switches are outlined in the following 
paragraphs. 
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(a) -Noise filter. The first two switches are used to select C- 
MESSAGE WEIGHTING or 3 kHz FLAT when performing noise measurements on a 
C1lreurt.. 


p—~NOISE FILTER ——4 


(bo) The COUNT RATE, COUNT TIME and PUSH TO START switches are used 
when performing three-level impulse noise hits and dropout measurements. 


i. Count rate. When the BELL STD switch is depressed, the 
maximum total count is limited to seven hits per second, but when the CHNL 
LTD is depressed, total count is only limited by the channel bandwidth and 
selected noise filter within the test set. 


2. Count time. When the 5 MIN or 15 MIN switches are depressed 
the test set will count the noise hit/dropouts for 5 to 15 minutes 
respectively before stopping, but if the NON STOP switch is depressed it 
will count the hits/dropouts continuously until the reset switch is 
depressed. 


(c) Push to start. This switch must be depressed to start the 
test or restart the test. 


PUSH 
[7 COUNT RATE —— fo COUNT TIME -————} TO START 


eae 
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display switch 
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(f£) Nonlinear distortion. The nonlinear distortion section 
consists of four push button switches. The SIGNAL LEVEL switch, when 
depressed allows measurement of the total nonlinear distortion test signal. 
The 2ND ORDER and 3RD ORDER switches, when depressed measures only the 
second and third order product of the test signal, respectively. The LEVEL 
ZERO push button switch is used in conjunction with the level and frequency. 
When the test set is adjusted to the desired reference frequency, pressing 
the LEVEL ZERO switch will establish a zero dB reference. All the following 
measurements will be made in dB relative to this reference point. If the 
LEVEL ZERO switch is not pressed, all measurements will be absolute dBr. 


1@) .@) 
SET AT come 
REFERENCE [ prstortton —t—ésd 


Ea pee] fe] [ae pea | [am | [ame 


b. The nonlinear distortion test is an optional test, and must be 


requested when ordering the test set, so these switches may not be on all 
the TIMS. 


c. The TIMS can be used to perform the majority of the parameter tests 
established to maintain daily operation of DCS voice circuits. There is 
approximately 16 or more tests that can be performed using the TIMS. Some 
of the tests are: 


(1) Frequency response. 
(2) Background noise. 
(3) Basic noise C-message. 


(4) Noise-to-ground. 


(5) Nonlinear distortion. 


(6) Peak-to-average ratio (P/AR). 


(7) Single tone interference. 
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Maximum change in audio frequency. 


£ 


tim 


sam 
therefore 


the 


form several test using the TI 
it is not feasible to 
In some cases it may take 
remainder of this 


MS, 


lesson 


will be devoted to some of the other types of test equipments that may be in 
use today in some of the technical control facilities. 


Learning Event 5: TELEPHONE TEST SET AN/USM-181. 

Telephon Test Set AN/USM-181, as shown in figure 4, is a self- 
contained unit which can be operated from an AC source in a fixed 
installation or it can be operated from internal battery in a mobile 
Situation with no access to AC power. The AN/USM-181 consists of an 
Oscillator, Model HP 204B, AC Voltmeter, Model HP 403B, and a Patch Panel, 


Model HP 353A. 
system character 
losses and gains. 
response, 
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It is intended for measurement 
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TM6E2IS—602-12-8 


Figure 4. Telephone Test Set AN/USM-181. 


a. Oscillator, Model BP 204B. This Variable-Frequency Oscillator (VFO) 
is capable of supplying a practically distortion-free sine-wave test signal 
within the frequency limits of 5 to 560 kHz in five ranges. The vernier 
tuning gives a dial reading accuracy of + 3 percent. Output power is 
adjustable to a maximum of 10 dBm into a 600-ohm load. Output amplitude 
remains practically constant throughout the entire f 


frequency range. Power 
is furnished by four internal rechargeable batteries, with recharge 
capability from the 115/230-volt supply. 


b. Voltmeter, Model HP 403B. This voltmeter is capable of measuring 
from 0.001 to 300 volts Root Mean Square (RMS), or signal levels from -72 to 
+52 dB above 1 milliwatt (dBm) when terminated in 600 ohms over a frequency 
range of 5 Hz to 2 megahertz (MHz). Input impedance is 2 megohms, high 
enough to allow bridging across circuits without loading. The voltmeter 
circuit is protected from excessively strong input signals by a 1/16-amper 
instrument fuse. Power is furnished by rechargeable batteries enclosed 
within the case. 
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c. Patch Panel, Model BP 353A. This patching panel contains a 
precision attenuator to insert 110 dB loss in 1 dB steps. The output of the 
attenuator is connected through an impedance-matching transformer to the 
external circuits. The patching panel provides a 600 ohm load for the 
voltmeter, enabling measurements in dBm as well as in corresponding volt 
RMS. Further, it provides facilities for matching impedances among 
oscillator, voltmeter, and line. The patching panel is a passive unit; it 
contains no amplifier. A frequency switch arranges the circuit to respond 


to the oscillator in two ranges: 50 Hz to 5 kHz, and 5 kHz to 56 kHz. 


Learning Event 6: NOISE-LEVEL-VU MEASURING SET, MODEL TTS-37B. 


The TTS-37B shown in figure 5 is designed to measure noise and signal 
levels, including speech. It is a receptive devic only; it does NOT 


od 


furnish a test signal. 


a. Meter scale. The meter has two scales. The first scale (VU-DB) 
reads level either in volume units (VU) or tone levels (dBm) of signals. 
The second scale (dBrn) reads on very small signal levels because it 
indicates noise. There is an offset of 10 dB between zero references of the 
two meter scales. 


b. Jacks. One monitor jack (MON DC) 6 provides a DC output which may 
be used to drive a recorder. A second monitor jack (MON AC) 5 provides an 
AC output which may be used to drive an impulse noise-measuring set, a 
telephone headset, or an adjustable low-noise, high-gain amplifier. 


c. Weighting. A switchable filter network provide C-message weighting 
and two band weightings. 


(1) C-message. Th C-messag weighting filter section passes 
frequencies between 0.7 and 2.5 kHz. 


(2) High-pass. A filter section, called high-pass, is essentially a 
bandpass filter that passes frequencies between 0.5 and 10 kHz. 


(3) Low-pass. Two low-pass filter sections give a choice of band 
weighting from 0 to 3 kHz or 0 to 15 kHz respectively. 


d. Dialing. Provisions are also made for dialing out, talking over the 
circuit under test, and for holding the circuit. 
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e. Sensitivity. Sensitivity of the instrument extends from absolute 
values of -95 to +23 dBm. Two attenuators are provided for varying the 
input signal level in 1 and 10 dB steps, respectively. Both attenuators are 
calibrated in two scales: dBm and dBrn. An input noise level that requires 
an attenuator setting of +80 dBrn under C-message weighting in order to show 
O dBm on the meter is equivalent to an input level of +80 dBrncO to the 
attenuator. Further, there is a 10 dB difference between meter scales for 
dBm and dBrn. In actual input level values, 0 dBm is therefore equal to +90 
dBrncO with C-message weighting, and 0 dBrncO is equal to -90 dbm. 


f. The function of the indicators, controls and connectors/jacks for 
the TTS-37B are listed and explained in table 1 of the appendix. 
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Figure 5. 
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Learning Event 7: TEKTRONIX OSCILLOSCOPE AN/USM-281C. 


The Oscilloscope 281C, shown in figure 6, is designed for general 
purpose wave form measurements using a single or dual-trace display with 
normal or delay sweep. It consists of Oscilloscope OS-245(P) /U (main 
frame); two vertical amplifier plug-in units, AM-6565/U; and Dual Time Base 
Plug-In Unit TC-1085/U. 


a. Main frame. The main frame contains the display (Cathode Ray Tube 
(CRT)), power supply components and three compartments for provisions to 
plug in the two vertical amplifiers and time base units. The main frame 


compartments are compatible with other plug-in units which are not supplied 
with the oscilloscope. 


b. Vertical amplifier. The vertical amplifiers are wideband amplifiers 
(DC to 50 MHz) that provides vertical deflection signals to the mainframe 
vertical amplifier circuits. Constant bandwidth is provided over all of the 
deflection factor settings with each setting selectable for either 
calibrated or uncalibrated operation. Display polarity is also selectable, 
as is the magnification factor. Use of two vertical amplifier compartments 
in the main frame allows one amplifier to be used alone for single-trace 
operation or two amplifiers to be used for dual-trace operation. The 
vertical amplifier can also be used in the mainframe horizontal axis 
compartment for calibrated X-Y display purposes. 


c. Dual time base. The dual time base unit provides horizontal 
deflection signals to the main frame CRT circuits for Normal, Intensified 
Delaying, Delayed and Amplifier modes. Either calibrated or uncalibrated 
operation may be selected in any mode. In normal sweep mode, only the main 
sweep operates. In intensified delaying sweep mode, the main sweep is 
intensified only during the periods set for the delayed sweep with the 
position of the intensified portion adjustable to any point of the main 
sweep. In delayed sweep mode, the intensified portion of the main sweep is 
displayed over the full 10 centimeters (CRT) of the graticule area. In 
amplifier mode, the horizontal amplifier can be used for X-Y displays or for 
an externally applied sweep signal. 


d. The description of the controls, indicators, and connectors for this 
oscilloscope are explained in table 7 of the annex. 
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Figure 6. Oscilloscope, AN/USM-281C. 
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Lesson 3/Learning Event 
Learning Event 8: DELAY EQUALIZER GROUP, OA-880/FTC (UE-5). 
The delay equalizer shown in figure 7 is used to provide compensatio 
for envelope delay distortion in voice-frequency lines or telephone carrier 
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Figure 7. 


Delay equalizer group, OA-880/FTC 
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LESSON 3 
PRACTICE EXERCISE 


— 


In each of the following exercises, select the ONE answer that BEST 
completes the statement or answers the question. Indicate your answer by 
circling the correct letter in your subcourse booklet. 


Le In a technical control center, a variety of test equipment items are 
used by technical controllers and circuit conditioners. In addition to 
generalized test quipment, a circuit conditioner uses specialized 
equipment, such as 


aa, xR recorders, spectrum analyzers, envelope-delay test, and 
oscilloscopes. 


b. wave analyzers, X-Y recorders, spectrum analyzers, and envelope- 
delay sets. 


c. spectrum analyzers, envelope-delay sets, oscilloscopes, and VF 
Signal generators. 


d. envelope-delay sets, oscilloscopes, VF signal generators, and 
decibel meters. 


2. Assume that you are recommending the purchase of "off-the-shelf" test 
items to use in circuit conditioning. Your primary considerations will be 
the 


a. operational reliability and size. 


b. mounting arrangements and placement of controls. 
c. power input requirements and mounting arrangements. 


d. operational reliability and ability to measure circuit parameters. 


35 The Transmission Impairment Measuring Set (TIMS) consists of two main 
sections, which are 


a. th nvelope delay and frequency response section. 


b. the setup controls section and digital display section. 
c. the transmit section and receive section. 


d. digital display section and transmit section. 
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4. The principle corrective device used to condition VF communication 
circuits is an equalizer. For maximum benefit in use of circuits that may 
be required to carry data and secure voice signals, the device should be 
capable of 


a. correcting amplitude versus frequency distortion as well as maximum 
net loss variation. 


b. correcting amplitude versus-frequency distortion. 


c. correcting envelope delay as well as amplitude-frequency distortion. 


d. correcting for harmonic distortion. 


ore There are approximately 16 different parameter tests that may be 
performed using the TIMS, however one specific test is optional and must be 
requested when ordering the test set. The test that must be requested is 
the 


a. nonlinear distortion test. 


b. peak-to-average ratio test. 


c. noise-to-ground test. 


d. single tone interference test. 


6. Telephone Test Set AN/USM-181 consists of an oscillator, a voltmeter, 
and a patching panel. The function of this test set is to measure a circuit 
to determine its 


a. attenuation, envelope delay, and gain. 
b. gain, frequency response, and attenuation. 
c. envelope delay, gain, and frequency response. 


d. frequency response, attenuation, and envelope delay. 


hee Noise-Level-VU Measuring Set Model TTS-37B can be used for several 
functions. One function it CANNOT perform is 


a. provide a DC output to drive a recorder. 


b. determine signal level in dBm. 


c. measure noise level in dBrn. 


d. furnish a test tone. 
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8. The meter used with Noise-Level-VU Measuring Set Model TTS-37B has a 
scale marked VU-DB. The purpose of this scale is to indicate voice peaks in 


a. dBm and tone levels in VU. 


b. dBm and tone levels in dB. 


c. volume units and tone levels in dB. 


d. volume units and tone levels in dBm. 


9. The meter scales of Noise-Level-VU Measuring Set Model TTS-37B are 
offset 10 dB. f the meter measures a level of +5 dBm on the VU-DB scale, 
it should read a level on the dBrn scale of 


a: -t9'5% 
bs, 95. 
Gy bbs 
d. -85. 


10. The Oscilloscope AN/USM-281C has two vertical wideband amplifiers that 
provides vertical deflection signals to the mainframe vertical amplifier 
circuit. The vertical amplifiers may also be used 


a. for matching input impedance, image brightness and to control the 
sweep rate. 


b. to provide continuously variable calibrated or uncalibrated 
deflection to the mainframe vertical amplifier. 


c. In the mainframe horizontal axis compartment for calibrated X-Y 
display purpose. 


d. In the amplifier mode to insert an externally applied sweep signal. 


11 Delay Equalizer Group, OA-880/FTC is always installed at the receiving 
end of a communication circuit. One feature of its design is that it 
contains 


a. 12 equalizer sections that select a small portion of the receive 
Signal spectrum for delay distortion compensation. 


b. sweep circuits that automatically sample 12 small portions of the 
received signal spectrum for amplitude compensation. 
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om 
selected 


ol 


12 individual amp 


lifiers 


to 


compensate for 


portion of the received signal. 


12 removable sections that are installed at the time of 


to equalize that portion of the receive signal in question. 


12. 


TTS-37B is to 


The main function of the SENS controls of 


loss 


through each 


fF equalization 


Noise-Level 


VU Measuring Set 


a. select the function of the input circuits. 

b. connect a telephone head set to monitor the tone being measured. 

c. adjust the amount of gain necessary in the set to obtain a meter 
reading. 

d. select the desired filter(s) to be used when measuring the test 
Signal. 
Ti The VU quality scale of the Noise-Level-VU Measuring Set, Model TTS- 
37B is marked in three colors which are 

a. green from 0 to 10, yellow from -6 to 0 and red from -15 to +6 GB. 

b. green from 0 to +3, yellow from -6 to 0 and red from -15 to -6 GB. 

c. blue from 0 to +3, yellow from -6 to 0 and red from -15 to -6 GB. 

d. red from 0 to +3, yellow from -6 to 0 and blue from -15 to -6 dB. 


Check your answers with Lesson 3: 
and make necessary corrections. 


104) 


Practice Exercise 


Solution Sheet 


A REMINDER 
You will need the text materials to 
complete the examination of this 
subcourse. Therefore, keep all tests 
until the school notifies you that you 
have successfully completed the subcourse. 
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TABLE 1. OCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 


DESCRIPTION OF DCS SERVICE 


Technical Schedules pertinent to services not mentioned herein 
will be developed on a case-by-case basis as requests for these 
services are received by the responsible DCA Circuit Allocation 
and Engineering Organization. When warranted by the degree of 
uSage, an appropriate Technical Schedule for the particular 
service will be published by DCA. 


CATEGORY 1: USER-TO-USER CIRCUITS 
VOICE 


Nonsecure voice circuit. 


Secure voice, operating at 2400 baud. 


Secure voice, operating at 50,000 b/s. This is a special 
schedule pertaining to transmission over metallic facilities 
without regenerators. 


Secure voice, operating at 50,000 b/s. This is a special 
schedule pertaining to long-distance transmission over radio 
systems. 


Alternate voice/record, including secure $1 voice or data, 
operating at rates from 2400 b/s up to 9600 b/s. Circuit 
parameter code S3 is not available for user-to-user service but 
was developed to permit interconnection of up to five tandem S3 
links and obtain S] circuit performance on an end-to-end basis. 


FACSIMILE 


Facsimite transmission that can be accommodated over a voice 
grade ‘channel with no special conditioning. If the required 
facsimile (including telephoto) service involves special 
conditioning of the channel, specific circuit parameters will be 
based on transmission means, circuit length, and characteristics 
of the equipment used to terminate the circuits. 
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TABLE 1. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS (CON. ) 


2: 
MR | DESCRIPTION OF DCS SERVICE 


CATEGORY 1: USER-TO-USER CIRCUITS (CON. ) 


TELEGRAPH AND DATA 


Less than 46 baud. Includes 60 wpm teletypewriter and other d.c. 
keying service. 


46 through 75 baud. Includes 75 wpm and 100 wpm teletypewriter 
and other d.c. keying service. 


76 through 150 baud. Includes 110 baud teletypewriter and other 


d.c. keying service. 


Less than 46 baud. Used where d.c. keying is converted to tone 
on a single channel basis. 


46 through 75 baud. Used where d.c. keying is converted to tone 
on a single channel basis. 


76 through 150 baud. Used where d.c. keying is converted to tone 
on a single channel basis. 


066-068 IBM transceivers (10 to 40 cpm). 
300 through 600 baud. 


Includes data card or other service. 


1200 baud. Includes data card or other service. 


2400 b/s; alternate voice/record service. 


4800 b/s; alternate voice/record service. 


9600 and 7200 b/s; alternate voice record service. 


1200 to 16000 b/s when using data modems containing adaptive 
equalizers. 
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TABLE 1. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS (CON. ) 


DESCRIPTION OF DCS SERVICE 


CATEGORY 2: VOICE FREQUENCY 


CARRIER TELEGRAPH (VFCT) SYSTEMS 


VFCT 


CATEGORY 3: AUTOVON ACCESS LINES 


Voice grade. 


Special grade, alternate voice/record access from AUTODIN switch, 
and 2400 through 9600 b/s secure voice access from secure voice 

terminals, cordboard (SECORD), SEVAC, and other secure four-wire 
switchboards. 


Special grade, alternate voice/record. 


CATEGORY 4: AUTOVON TRUNKS 


Interswitch voice grade. 


Interswitch special grade, not transeceanic (no regenerators at 
either end). 


Interswitch special grade, not transoceanic (regenerators at both 
ends). 


Interswitch special grade, not transoceanic (regenerators at one 
end). 


Interswitch special grade, alternate voice/record. 


Loop-around, regenerative, Option 1. Regenerators located 
physically at the AUTOVON Switching Center. 


Loop-around, regenerative, Option 2. Regenerators located 
physically at a remote site on Government property. 
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TABLE 1. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS (CON. ) 


7 
jac DESCRIPTION OF DCS SERVICE 


CATEGORY 5: AUTODIN ACCESS LINES 
75 baud; d.c. keying. 
150 baud; d.c. keying. 


75 baud; from terminal to switch or to a bridge at a transmission 
nodal point, tone keying. 


150 baud; from terminal] to switch or to a bridge at a 
transmission nodal point, tone keying. 


300 baud; from termina] to switch or to a bridge at a 
transmission nodal point, tone keying. 


600 baud; from terminal to switch or to a bridge at a 
transmission nodal point, tone keying. 


1200 baud; limited to data service only. 


1200 b/s multiplexed; from a user or transmission nodal point 

where a VF channel is multiplexed or bridged with any compatible 
combination of 75-, 150-, 300-, or 600-baud modems not to exceed 
1200 b/s total. VF bridging is used at transmission nodal points 
to serve noncollocated users. 


Not used. 


2400 b/s; alternate voice record service. 
Not used. 
Not used. 


4800 b/s; alternate voice/record service. 


Not used. 
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TABLE 1. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS (CON. ) 


DESCRIPTION OF DCS SERVICE 


CATEGORY 5: AUTODIN ACCESS LINES (CON.) 


Not used. 

Not used. 

9600 and 7200 b/s; alternate voice record data service. 
CATEGORY 6: AUTODIN INTERSWITCH TRUNKS 


2400 b/s through 4800 b/s; dedicated circuit from one AUTODIN 
Switch to another. 


Not used. 

9600 and 7200 b/s; alternate voice/record service. 
CATEGORY 7: AUTOSEVOCOM ACCESS LINES 

Not used. 


Secure voice terminal, 2400 b/s, to four-wire JOSS or AUTOVON 
switch. 


Secure voice terminal, 50 kb/s baseband, to SECORD or AUTOSEVOCOM 
Switching facility without regenerators over metallic facilities. 


Secure voice terminal, 50 kb/s baseband, to special] 758 switch or 
cordboard (SECORD) or AN/FTC-31 over long-distance carrier 
facilities. 


Secure voice terminal, 50 k/s baseband to AN/FTC-31, over 
metallic facilities. 


Secure voice terminal, operating at 9600 b/s to JOSS or AUTOVON 
switch. 
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TABLE 1. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS (COR.) 


: 
pk DESCRIPTION OF DCS SERVICE 


CATEGORY 8: AUTOSEVOCOM TRUNKS 
50 kb/s baseband, over metallic facilities without regenerators. 


50 Kb/s baseband, over long-distance carrier facilities. 


Not used. 
2400 b/s (JOSS to either a JOSS or a cordboard) (SECORD). 
2400 b/s (SEVAC to JOSS or 5-D switchboard). 


Interswitch trunk operating at 2400 or 9600 b/s providing secure 
voice service. (This service is derived from the AUTOVON.) 


CATEGORY 9: 60-108 kHz BASIC GROUPS 


Unconditioned Wideband Service. This item normally supports 
user-supplied FDM 60-108 kHz group level equipment. 


Conditioned Wideband Service. This item normally supports a 50 
kb/s requirement through the DCS by use of special GFE modem and 
GFE auxiliary set, such as the WECO type 303 data modem and WECO 
type 842 data auxiliary set which provides interconnection of 
subscribers on a 4-kHz basis whenever the 50 kb/s signal is 
removed from the user's 4-wire line. The derived service is 
similar to item 7D. The AN/USC-26 group data modem also may be 
used in deriving this service, but in the half group mode of 
operation the data signal level (Circuit Parameter Code X2, item 
k, table 2) should be reduced to -8 dBm. 


CATEGORY 10: DIGITAL SERVICES 


(See Enclosure 8.) 
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TABLE 2, OCS TECHNICAL SCHEDULES FOR GOVERMMENT-OWNED CIRCUITS 
(CERCUIT PARAMETERS) (CON. ) 
SG ee Ee ge ee ae 
CHARACTERISTICS OF HP so st $2 $3 "I v2 ot v2 " (1-3) 
MEASURE 


2 2) Sl 


d. Maximum Change? 


In Audie Frequency Hz ae ae: ae: . en 35 $5 45 45 5 
@. Congitudine 


Balance (Minimum 48 40 40 40 40 40 40 4 40 
otal Pea 

Telegraph 

Distortion 

Max (mum % 


g. Blas Distortion 
(Maximum Mark or 


a IO i 


h. Idle Circutt® 
Mose (Maximum 


Allowable) dBrnCO 
ah (0 Oy 3 1) 3 ci iu vu Nn 3} 
0- . 
61-161 (50-100) 4 4 4 34 4 4 4 4 
161-644 100-400) ‘yi ” 7 37 ” ” ” 7 
644-1609 (400-1000) 4 4 4 4l 4) 4} 4 41 
1609-2914 (1000-1500 43 43 a3 q3 43 43 43 43 
2414-4024 (1500-2500 45 4s 4S 45 45 45 45 45 
4024-6436 (2500-4000 4 a7 4” 47 47 47 a 4? 
6438-12874 (4000-8000 $0 50 50 50 50 $0 50 $0 
12874-25748 (8000-16000 3 53 53 53 53 53 $3 3 
T. STngle Tone z ~—___32_____$)_.____ $3. ______.__ 
Interference 
Below Circuit 
Holse In Each 
Mileage Category 
(Hax imum) dB 3 3 3 3 3 3 3 3 
J. Impulse Molse® Counts 
(Reference Level above 
65 d8rnC0; reference 
Measure with level 
Tone (maximum tn 1S) 1S 15 15 1s 1S 18 
minutes 


Jthis measurement {s not required on circults pee only PCM systems. 
(Consider a satel}ite channel es equivalent to @ 3219 kilometer (2000-mile) landline channel tn determining circuit tength. 
9 SReference level 60 d&rnCO for circuits traversing POM systems only. Measurement made with previously sampled POM channel loaded with 2604 Ht 
+ 5 dBm0 tone. Includes gain end phase hits lasting less than 4 milliseconds. 
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TABLE 2. OCS TECHRICAL SCHEDULES FOR GOVERIOERT-OUnED CIRCUITS 
(CIRCUIT PARAE TERS) 


This Cedle specifies circuit doar se which correspond to the various types of OCS VF services specified in tedle I except for parameters $0 
end HP. SO is on optional parameter thet the circult engineer may substitute tn View of the norwally specified parameter whenever the circuit ts te 
be teraineted with eoders em toring adaptive equalizers. $0 1s noreally obteined without special equalization equipment being Introduced inte the 
circult., HP ts alse an optional pareweter that the circuit engineer say substitute In View of the normally specified parameter whenever the circuit 
ts to be terminated with modees exploying multilevel modulation techniques that require shove-average signal-to-noise and lineerity ns 
choracteristics. Provision of the WF parameters normally requires special routing of the circult over Rind selected” trensatssion channels. 


CHARACTERISTICS oF id $0 $s! sz $3 "i v2 ol oe a (t-3 
WEASURE 
8. Frequenc a 
Response 
KA, 
ay: | 3 % 
Lk i a Fh) A SB I BR Bl | El) a |. ° 
3-7.) ot te a 
ei 8 eS a 
°\ "liane ccc cei Ata A Nae) 
Ve - * iJ 
©. Maximum Envelope? alcro- 
Delay Vertation second 
Allowabdle fn 


Each Specified 
Bond 


' 
2Ued. ON 
e e “at ‘tr im) TW) ’ 

e. 


ileus O33 
Vartlation (with 
respect to time) a 4 $2 24 a :,) 


Noss frequency charectertstics ore given in terms of comparison to the measured loss at 1004 Hz. For exemple, tn the $1 schedule, the loss 
frequency characteristic should not exceed the range of 2 8 tess Joss (-) to 6 G8 more loss (*) between 0,3-3.0 KHz when compared to the measured 
Voss at 1004 Hz, This frequency Is used to avold subharmonics of the B KN? frequency used extensively in PCM/T0M systens, Caution: Circuits 
equlgped with CY-104 ( ) POU equipment may not meet the sbove parameters without esternel equalization, 

Caution: Circuits equipped with CY-104 ( ) POM equipment may not meet this parameter without external equalization, 
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TABLE 2. DCS TECHNICAL SCHEDULES FOR GOVERMMENT-OWNED CIRCUITS 
(CIRCUIT PARAMETERS) (COM. )} 


CHARACTERISTICS OF HP $0 $s! $2 $3 vi V2 ol 02 W (1-3) 
MEASURE 
Kk. Terminal 

Impedance % 
(600 ohms) Tolerance 210 210 210 210 210 t10 210 tic 

> Data 
Transmission 
jd 


-13 


m. Phase Jitters 


(Max (mum 
Peak-to-Peak Degrees 10 10 10 to 10 Uy) 
n. Harmonic? 
Distortion d8m0 -40 -40 -4 - -40 Q - 
o. Gain Hits? Counts 
24 msec) (Maximum) 
ain Change tn 15 
>3 d6 or minutes ] 6 8 8 6 8 
>4 dB & 6 Lj 6 6 6 
p. Phase Hits? Counts 
(>20 degrees {Max {eum 
and >4 msec, in 15 
minutes 
exceedin 
thre 8 8 a 8 8 
q. Uropouts ropouts 
(>12 dB and (Max imun 
10 msec) in 15 
atnutes 2 2 2 2 2 


6not required for circuits troversing POM systems only. 
glhis parameter ts obsolete and has been replaced by peremeter s, A 704 Hz test tone ot -10 dted ts used. 
Gain hits are sudden changes tn the geln or loss of a circuit, Measurement made et circuit activation and es necessery as @ troubleshoot ing 


Sphase hits are sudden changes in phase of the transmitted signal caused by the trensmission path. Measurement made at circuit activation and 
as ea troubleshooting afd, 
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TABLE 2. OCS TECHNICAL SCHEDULES FOR GOVERMMENT-OWNED CIRCUITS 
(CIRCUIT PARAMETERS) (CON.) 


CHARACTERISTICS oF He $0 $s! $2 $3 I v2 01 2 w (1-3) 
MEASURE 


. Signet tol? 
ole 


itched 
ise Ratio 24 24 
i. near 
Otstortion 
(Using qjtore 
mathod)!! 


(1) Stynal to 
Second Order 
Olstortion as 35 25 25 25 2 2s 3 25 25 


(2) Slat to. 
third Order 


Olstor CL 40 R,) 

@ Vechnical Schedule portlon o 3 Cable concludes with characterlsttle 3, above, characteristic rae re prov wy 
troubleshooting ald and may be used on on optional basis. They ere intended to assist the technician in clearing troubles on circuits traversing 
PCM systems, which are not revealed by the cheracteristics specified adove. Characteristic w will be expertenced mainly on POM equipments which 
exploy single coder-decoder for ef! channels. Loading of channels as specified for characteristic w may Involve channels not accessible to the 
end point circuit tester, Characteristic » ts useful fn ged tag high-tevel transient signals on circuits which elude measurements sade with 
conventional level measuring equipment and thus also may be useful tn measuring signals that traverse FON systems, 
t Cath Tinearlty ae 
at Input 
Levels of: 

Bad) 


WOneasurement ty made with 1004 Hz -10 GBa0 holding tone. Both idle circuit noise and C-notched nose are to be measured on all cirevits 
except as noted otherwise. Optional seasurement on circuits traversing noncompandored FOM facilities, Required measurement on circults traversing 
Compypdored Tacttittes, such as all-PCH systerss and anelog comandored FOM systems (e.g. type W cerrier). 

Honlinear distortion measured using the four-tone test method is the standard method of measurenent of distortion in the OCS, The obsolete 
harwonte distortion parameter has been retained in this table for use by those stations mot yet equipped with transmission tapatrment seasurement 
sets. 
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TABLE 2. OCS TECHNICAL SCHEDULES FOR GOVERMMENT-OWNED CIRCUITS 


(CIRCUIT PARAMETERS) (CON) 


02 W (1-3) 


$? 


CHARACTERISTICS OF uF $0 $1 $2 $3 VI v2 1] 
HEASUR' 
u. Signal to 
Quantizing 
Otstortion at 
Input Levels 
of: 
6Ba0 
Hl 3D) ee ) ee EE | EEE |) aa 
= DE | = a E! | SS | PE | Ce | I: | REE | AE! | pT 
<0 to - ae, eee 
wv. Cirewtt!2 Dropouts 
Cont Inuity Max |mue 
(Dropouts n 24 brs) 
>10 dB and 
>250_msecs 0 10 10 0 10 0 10 
". os3- 
Modutet ton! 3 
(from adjacent 
circuits 
Max tous 
Motched Impulse 
No d $7 57 $7 $7 57 $7 U 
x. Maxterum!4 Counts 
Operating above 
Signal Level reference 
(Peak) threshold 
Reference Maximum 
Threshold nls . 
95 d8rn0 minutes) 
Flat w iS 18 t 1 5 1s 1§ 


V2thts measurement may be made on circults where lass of synchronizetion of the high bit rate df 
os eros using @ 1004 Hz -10 dee0 tone on the circuit and s strip chart recorder to record t 


itat trunk ts suspected. 
e@ dropouts. 


5 
Statistics sre 


$ measurement mey be made on circuits wherever cross-modulation is suspected. Measurement made with previously scanned chennel 


and pyesures circuit activeted with 1004 Hz tone at @ level of -10 Bac. 


This measurement fs made with an fepulse noise meesuring set bt across the circuit during perfods of maximum signal activity. the 
ca 


weasurewent Indicates the presence of high-level transfent signals whic 
adjacent channels, It {1s noted thet 95 dBrn0 equates to a level of +5 daad. 


use intermodulation distortion, cross-telk and crasa-moduletion of 
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TABLE 3. OCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 
GROUP BANDWIDTH CIRCUITS - FDM OR DATA DERIVED 


2. Frequency Response kHz 
Joss with respect to 


104.08 kHz 
km mi 
100-201 (62.5-125 -2.0 to +2.9 
201-202 (125-250 -2.5 to 4.0 
402-804 (250-500) -2.9 to +4.0 


804-1609 (500-1000) 
60943218 (1000-2000) 
(2000-4000) 


b. Envelope Delay (reference 
84 kHz 


(1) Equalized parabolic 
curve 64-104 kHz 


km ai 
0-109, (0-62.5) (See footnote (1)) 
100-20 (62.5-125) 
201~402 (125-250) 
402-804 (250-500) 
804-1609 (500-1000) 
1609-3218 (1000-2000) 
218-6436 (2000-4000) 


(2) Unequalized, 
typical points on 
curve. 
Measured at 60 kHz 
Measured at 64 ki 
Measured at 108 kHz 


(1)Use values for AN/USC~26 from figure 1. 
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TABLE 3. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 
GROUP BANDWIDTH CIRCUITS - FDM OR DATA DERIVED (CON. ) 


c. Amplitude Stability 
Short Term (30 seconds) 
Long Term (30 seconds) 


e. Impedance 


(1) Balanced (preferred) 
(2) Unbalanced 


. Return Loss, minimum over 
frequency range 60-108 kHz 


g. Interface Transmission 
Level Point (assuming 
Government -furnished 
interconnect filters) 


Group Channe) Input Level 


Group Channel Output Level 
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TABLE 3. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 
GROUP BANDWIDTH CIRCUITS - FDM OR DATA DERIVED (CON. ) 


CHARACTERISTICS 


mpulse Noise, 
Weighting 15-Minute 
Measurement 

at -10 dBm. 


Average 


g 
Term Power in 60-108 kHz 
band, maximum permissibie. 


Max Imum gn 
Power permitted in any 
4-kHz subchannel. Total 
number of active channels 
must be such that charac- 
teristic k is not violated. 


jaximum jest lone Power 
Level in any 4-kHz 
subchannel. 


Test duration less. 
than 5 minutes 


Test duration more 
than 5 minutes. 


(2)For half-group operation of the AN/USC-26, -8 dBmO applies. 
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TABLE 4. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 


Z1, 22, 23 TECHNICAL SCHEDULES 


eee eee er eee  — —— 


(Z1 through 23 technical schedules establish the parameters for 
full-duplex 50 kbps transmission media within the bandwidth of 0.1 to 50 kHz 
terminated in a nominal 135 ohms. The Z Schedules apply only to terminals 
operating in the baseband mode. 


Zi Parameters are for a local circuit used to interconnect two KY-3 
terminals over physical metallic nonloaded cable pairs. The lineup loss must 
portray a curve with a smooth rolloff. 


272 Parameters are for a jocal circuit used to interconnect a KY-3 to a 
switchboard over metallic facilities as in Z1. However, since the switchboard 
provides no equalization, al] equalization on the cable pair transmitting 
toward the switchboard must be “equipped by the line." Note the different 
requirements in each direction. 


23 Parameters are for a trunk circuit used between two switchboards where 
no equalization capability exists at either end. It applies also to any 
wireline segment of a wideband long haul trunk.) 


' 3 
UNIT OF BOTH SUB TO SWITCH BOTH 
CHARACTERISTIC MEASURE DIRECTIONS SwITCH TO SUB DIRECTIONS 
- Low- uency 
sa[— [= [= [= | 
3. Impulse Noises 
a. Wideband 1 count 12 12 
per second 
with thres- 
hold set 
at stated 
level ({d8) 
below the 


received 
Signal level 


b. AN/FTC-31 1 count 6 
low frequency per second 
receive with thres- 

hold set 

at stated 

level (dB) 

below 2600 

Hz SF level. 


See page 89 for footnotes. 
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TABLE 4. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-DWNED CIRCUITS 
Zi, 22, 23 TECHNICAL SCHEDULES (CON. ) 


iv. LZ 
UNIT OF BOTH SUB TO SWITCH 
CHARACTERISTIC MEASURE DIRECTIONS SWITCH TO SUB 
fe |e | 


A. Wet Loss 
Variation2>4 


5. Lineup Loss 
(kHz ) 


(5) 
a. 0.1 4 
1.0 4 
3.0 4 
$.5 4 
10.0 4S 
18.0 4 
25.0 4 
32.0 
50.0 6 


b. .] to 50.0 
1.0 to 40.0 


6. Envelope 
Delay 


7. Nominal Data 
Input Signal 
Level 


See page 17 for footnotes. 
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Footnotes to table 4: 


1. In no case should absolute power level exceed -36 dBm in the VF 
bandwidth. 


2. Reference frequency is 1 kHz at O dBm0. 


3. The impulse notse (IPN) meter is normally configured for dBrn. 
After measuring the received digitized voice signal with a GB meter, use the 
following equation for the dBrn setting: 


dBrn = 90 + signal level (measured reading) - 12 dB 

Example: If the signal level is measured to be -2 dBm, then 
dBrn = 90 - 2 - 12 = 76 dBrn. Set reference level dBrn dials 
as follows: 


10 dB step dial at 60. 


High-level dial at 16. (60 + 16 = 76 dBrn) 
Mid-level dial at 10. (60 + 10 = 70 dBrn) 
Low-level] dial at 4. (60 + 4 = 64 dBrn) 


Use 10.2 to 51 kHz (or external wideband) filter. 


4. At the time of the alinement of the wideband repeaters in the 
subscriber to switch direction, adjust the receive level of the 1} kHz 
reference frequency to 0 dBm with the entire frequency response within the 
stated specifications {-] to +] dB between 1 and 40 kHz and -2 to +2 dB 
between .1 to 50 kHz.) In a later check, the reference 1 kHz receive level 
may vary (net loss variation) up to -2 or +2 dB from the 0 dB alinement 
level. The entire frequency curve should be equally displaced. For example, 
if the 1 kHz tone is 1 dB cold (or reading -1 dB on the meter indicating a +1 
dB toss), then the entire frequency response curve must now be referred to the 
+1 dB loss level. The frequency response curve must fall within the shifted 
limits of 0 to +2 dB between 1 and 40 KHz and -1 to +3 dB between .] to 50 
kHz. If the 7 KHz tone is 2 dB hot, then the frequency response curve must 
fall within the limits of -3 and -1 dB between 1 and 40 kHz and -4 to 0 dB 
between .1 and 50 kHz. 


5. A 4 dB loss at 25 kHz is maximum allowable loss. Loss from 0.1 to 
18.0 kHz should be less than 4 dB. If the 25 kHz loss exceeds 4 dB, then the 
lineup loss will be.as listed in 5b and will require a WB repeater. 


6. For those switches which have WECO 824/303 units on the wideband 
interswitch trunks or on long-distance wideband subscriber lines, al] other 
subscribers on that switch must meet the lineup loss as listed in 5b to 
provide sufficient input level to the WECO units. 


7. If the loss limits listed in item 5a cannot be met, wideband 
repeater(s) will be required and the lineup loss will be as listed in item 5b. 
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EXTRACT 
DCAC 300-175-9 
TABLE 5. CROSS-REFERENCE BETWEEN DESCRIPTION OF 


DCS SERVICE ITEM NUMBER AND APPLICABLE 
CIRCUIT PARAMETER CODE 


CIRCUIT CIRCUIT 

ITEM PARAME TER ITEM PARAME TER 
NUMBER CODE NUMBER CODE 

1A vi 5C D2 

1B S$} 5D 02 

1c ZI 5E 02 

1D 74(1) SF D2 

1E $1 56 D2 

iF vi SH D2 

16 ul 51 

1H N2 5J $1 

1J N3 5K 

1K vi 5t 

IL VI. 5M S$! 

1M vi 5N 

IN v1 50 

Pp D2 5P 

19 D2 50 Ss} 

WR S$] 6A S] 

18 AY | 

IT S$} 6C S] 

WwW SO JA 

3A V2 7C 

38 S3 7D 7a(1) 

3¢ $3 7E 22 

aA V2 IF 53 

4B §3 BA 3 

* s] 8B 7a{1) 

4D S2 SC 

86 33 SF 3} 

” NB 98 x2 


(1)see enclosure 8 for Z4 parameters. 
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™ 11-6625-2643-12 


8-2 


Table 8~1. 


POWER SWITCH 
48 Yolt Jack 
BATT TEST 

(push button) 


HOLD (2 position 
switch) 


MON (AC) Jack 


MON (DC) Jack 


FILTER (Rotary 
Switch) 


SENS (1dB/Step) 


INPDT (Rotary Switch) 


LINE (Binding Posts) 


LINE (Jack) 


GND (Binding Post) 


DIAL (Jack) 


EXTRACT 


Controls, Jacks and Switches. 


Connects battery to the test set (Turns on power). 


Provision for connecting station battery to test 
set. 


Connects the meter to the battery test circuit 
which indicates the condition of the batteries. 


When switch is ON, a hold coil is connected across 
the line jack and terminais. 


Provision for connecting a telephone headset to 
monitor the tone being measured. 


Provision for connecting an external DC monitoring 
(Recorder or Meter) device in series with the 
meter. 


Selects the desired filter to be used when 
measuring the test signal. 


It adjusts the amount of gain necessary in the set 
to obtain a meter reading. Greatest accuracy is 
obtained when the upper portion of the meter scale 
is used. The left switch js in steps of 1 dB. 

The right switch is in steps of 10 dB. The black 
numbers represent dBm. The blue numbers represent 
dBrn. 


Selects the function of the input oircuits. 


Provisions ‘for connecting circuit uner test by 
using GR (Bananna) type connector. 


Provision for connecting the circuit under test 
using a patch cord. 


Provided to alicw a ground connection to be made 
to the test set when the ground is not connected 
through the patch cord or GR type connector. 


Provisions for connecting a dial circuit or 
subscriber set with a dial to LINE jack, when the 
INPUT switch is in the DIAL/TALK position. 


VU-DB scale calibrated in black divisions with 
numbers from +3 co -15 dB. Berween +3 and -3 the 
scale is calibrated in 0.2 dB divisions. 0.5 dB 
divisions are used between -3 and -10 and 1 dB 
divisions are used between -10 and -15. 
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EXTRACT 


T™ 11-6625-2643-12 
Table 8-1. Controls, Jacks and Switches (Continued) . 


METER dBrn scale calibrated in black divisions and blue 
numbers from +13 ro -5 dBrn. Between +13 and +7, 
the scale is calibrated ~in 0.2 dB divisions. 

0.5 dB division are used between +7 and 0, and 1 
aB divisions are used between O and -5. 


Pte ) 


A VW quality scale is marked in three colors: 


GREEN between 0 and +3 dB 
YELLOW between -6 and O dB 
RED between -15 and -6 dB 


B-3 
94 


TM EXTRACTS 


LESSON 3 


T™ 11-6625-2658-14 


95 
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Faure 3-1. Oscilloscope controis, midscavors, prossctive devices and connectors (sheet 2 of 2). 
Table 3-1. Conmois, indicawrs. Preercttve Deaces. and Connectors 
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EXTRACT 


T™ 11-6625-2656-12 


Tabie 3-1. Controts, indwcasors, Preescave Dewees. end Conarciors—~Connaued 
Redereece 


hem 
TRACE ROT potentiomeier. 


VOLTS/DIV switch. 


VARIABLE potentiomeser switch. 


AC/GND/DC switch. 


AIRIO45 
AIRIO25 


AIR1095 
AIS1030 


AIAG IMIA 
AIA4S10218 
AIAG IQIC 
AIA4S1021D 
AIASSIQIE 


AlLAGSIOLIA 
AIAGIOLIB 


A2AIAZS} 
A4A1 A751 


98 


Funcuon 
Controis definiion of despiny. 
Conuots elignment of waece with horizontal greucuie 
fines. 


Controis brightness of grancule hoes. 

Spring-inadied switch. When presecd, couses cimpiay 10 
be compressed to within graticule area Mdcpendeni 
ef contre! settings or applied signats. 


Selects signal for Gaplay from iefi-hend verte) 
exnsiifier. 

Selects signals for display from ieft-hand and ngii-hand 
vertical ameiifiers im alernating patie. Seals arc 
switched efter exch seep. 

Selects signals for display from: both vertical ampiifiess. 
‘Segnats are algebraically edided and sum is despisyed. 

Selocss sigmats for display from lefi-hend end rigit-hend 
vertical amplifiers m ekernating pattern. Segnais arc 
switched af « l-megeHert reee under contre! of in- 


‘Trigger signal emtometicaily foBows verica! displays €1- 
ept when chopped vertical mode is selected. in 
Chopped mode, trigger cocurs at i-ncgaHierz mc 

‘ er ‘coc 
Push-pull swich. Controls power to oscilinscope. 
Connects cable (BNC) to calibrator output signal 


Controts vertical position of trace. 


Provides Giaplay inversion. in + UP position, pasitive- 
gang input signe) ceuecs upeerd ce defecuon, mn 
dowevesd wace deflection. 

Provides decreasing deflection factor. in x! posnion, 
defection factor is as selected by VOLTS/DIV swach 
end VARIABLE potentiometer. in x10 REDUCED 
BANDWIDTH position, deflection factor is ‘V9 that 
selected by VOLTS/DIV swatch and VARIABLE go- 

Controis Geftection facor Ginc exfibasian. 


‘Sctects calibrasad defiecuon feciors from 5 mirvoks ger 
Gvisiem to 10 volts per Gvision in 1} mepe in 1, 2, 5, 
(ap © 25S umes) be: ween calibrated deflection facier 
sepe. Exrends range to 25 vols per division or more. 

Selects input coupling mode. In AC position, mput sig- 
nal 8 capacitively coupled 10 amplifies inpul with dc 
curmpanent blocked. in GND position, ampliier m- 
Pat @ grounded, wisic mamusning same imeut saya) 
joad (provides charge path fer ec coupling cagacsor to 
precharge snpett cscust before sestching mput 10 ac). 
In DC posiuon. al) components of input mgnel ore 
Coupled to armnpidier mput. 


™ eAPERTEKRECSH Ee ts Coase, Iadwanr:. Prowcese Dences, and Coanerrors—C onmemerd 


eR ® 


31 


Reference 


Dus! Time Base Front Pane! 
LEVEL potenuometer. 


SLOPE switch. 

MODE switches (provide selection of main 
tnggering mode and indicate selection) 
AUTO. 


SINGLE SwP. 


RESET-READY. 


EXTRACT 


AIRS 
As 
AIDS3 


AJASS) 


A3ASS2 


AJASS3 


AZASS4 


AAS! 
AJAIS2 
AJA} 


ASAIN 


AJAZSI 
A3ATS2 
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Funcuon 


Determines amplitude point on tngger signal at which 
inggering occurs. 

Selects either positive- or negative-going slope of ing- 
ger gral. 

Indicates thal main veeep is unggered and will produce 
diapiay with correc: seiung of posuon and wensity 
controts. 


When premed, sweep is mitiated by apphed ingger sg- 
gel at pont selected by LEVEL and SLOPE conirois, 
if erigger signal repetition rate ts above 30 Hertz and 
within range selecied by COUPLING swnch. Trig- 
gered sweep cm be otnained only over amplitude 
Tenge of applied uigger agnal. When LEVEL control 
is set outside amplitude range, trigger repetiuon rate 
48 below iowes frequency limit (or above upper init 
for AC HF RES), or trigger signal is madequase, 
sweep free runs at raie selected by TIME/DIV switch 
to provide reference wace. 

When pressed, recep is initinted by applied tngger sig- 
nal ai pai setected by LEVEL and SLOPE controls 
over frequency mange selected by COUPLING 
swith. Triggered secep can be obtamed only over 
amplitude range of applied tigger signal. If LEVEL 
control is set outside amplitude range, trigger repeti- 
ton suse is outsxde the frequency range selected by 
COUPLING switch, or tigger signal és inadequaic, 
‘To trace & Grspixyed. 

When preased, further sweeps cannot be displayed after 
one sweep uni] RESET switch is pressed. Display is 
triggered a3 in NORM operation using masin triggcs- 
ing contrcis. 

When pressed while in single sweep mode, onc sweep 
8 depeyed a nex coomverce of trigger puse @ tig- 
germg setiings are correct}. Indicator comes on end 
remains On until trigger is received, indicating that 
unit is reset. After tngger recerpt and sweep Gesplay, 
imdicetor gocs oul. 


‘When pressed, de components of signals are ryecied 
and ac mgnais below approximstely 30 Hertz are ai- 
tenwared. AC sagneis between 30 Henr and 5D 
megaHeriz are accepted intact. 

When premed, dc components of signals are reecead 
and ac agnais below epprourmicly 30 kiloHeruz wo 
attenuated. AC signats berween 30 kiloHierz and $0 
megaHertz ere accepted intact. 

‘When pressed, de components snd signals below 30 
Herz and above 50 kiloHertz are sttenusied. Sagnais 
within range of 30 Heriz to 50 kiioHenz are accepiad 
imaace 

When pressed, al} signals from dc to SO megaHierwz are 
ecorptod. 


‘When pressed, tigger mgnal is obtamed from essoci- 
sted verucal emptifier. 

When preased, ingger sagnal is obtained from sampte of 
Gecilioscope input power frequency. 


3S 
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A3ZATS3 When pressed, ingger aagna) is obuumed from externa! 
source through MAIN TRIG IN connector (BNC). 

A3JAIM Same as EXT, except thet ingger signal is attenuated to 
approximesely 10 percent of input amplitude. 

A3IRSA ORS IO Cea en ae 

A3RIB Proves ne ment from pnt urace. 

ASAIR290 adjusiment to match gain of dual time tase to 
gee eon mmmpmig 

A3AES7E2 Setects horizomia} magnification. X1 {IN) selects un- 
magnified sweep ai basic rate imdicaied by 
TIME/DIV switch setting, X10 (OUT) increases 
sweep rate of main and delayed sweep generator by 
horwwontally expanding center cenumeter of depiay 
10 times. 

AJALAISIOOA Selects basic sweep rate of main sweep genersior for 
operation m main sesep display mode, and selects 
delay ume (10 be mulipiied by DELAY TIME 
MULT 10-u2m dial potentiometer setiing) for opere- 
tion in imensified or delayed sweep duplay modes. 
MAG swach mus: be m XI position {IN} and 
VARIABLE potentiometer/switch musi be in CAL 
position for indicated sweep rate. 

A3A1AI1S)00B, Selects sweep rue of delayed sweep genermor for 

A3AIA1S252 cperation in delayed sweep end imensified display 
modes. VARIABLE control must te in exweme 
Clockwise (CAL) position and MAG switch must be 
in X1 position (IN) for indicated sweep mate. 

AJAIR14455} Provides uncalibrated, continuousiy veriable defiection 
factors between cabbrated settings of TIME/DIV OR 
DLY TIME switch. Uncelitrsted defieciion factor 
Tange % extended to ai jeest 12.5 seconds per divi- 
sion. When control is sei lo clockene exireme, 
switch & operaied to selec: calibrated deflecuinn fac- 
tors. 

A3RS/SS Selects mode and seve! for delayed triggering. When 
control & trmed to cockwme extreme (RUNS 
AFTER DLY TIME position), delayed sweep runs 
@amedmtely following delay time aciecied by 
TIME/DIV OR DLY TIME switch and DELA 
TIME MULT 10-turn dial potentiometer. Delayed 
SLOPE, COUPLING, and SOURCE switches are 
not actvated. When contro] ss named counterciock- 
woe from switch devent, deisyed sweep is triggerabie. 
LEVEL potentiometer then selects point on ingger 
fignal 81 which delayed sweep is triggered. Delayed 
SLOPE, COUPLING, and SOURCE swiches ere ac- 
uveted. 

AGATSAO Ahemete-action switch. Selects portion of trigger signal 
t© sian delayed sweep. +(IN) position-deleyed 
sweep is tnggered from positive-going portion of trig- 
ger mgnal. — (OUT) postion-ieleyed swrep is trig- 
gered from negative-going portion of trigger signal. 

A3JATS Akermmic-ection switch. Selects method of coupling 
trigger signal t© deleyed tigger circuits. AC (IN) 
position—de signal components are rejected and ac 
sagnals below spproximately 30 Hertz are atrenusestt. 
sagneis between 30 Herz and SO megahertz are ac- 
cc to SO megaHertz ere accepied sruaci. 
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Teble 3-). Conwets, indicators, Prosecttes Devices, ond Connecsory—Connmend 


tained from extemal source through DLY“D TRIG 
IN connector (BNC). wociniee 
TIME MULT 30-1um dial poten- | ASRS Selects variable sweep delay between tomes 
airs Gelay incecated by TIME/DIV or DLY TIME switch 
ectung. 

Connects cable (BNC) 10 cual ume bese for excrna) 
AMPLIFIER SOURCE EXT or EXT + 10 mich = 
pressed and TIME/DIV OR DLY'D TIME switch is 
set to amy other position than AMPI.. external ingget 


MAIN TRIG IN OR AMP IN connector. | A3J) 


or EXT 10 switch is preseed and TIME/DIV OR 
DLY'D TIME switch is sei © AMPL, exicrnal 
borontal inpul i connected. 

Connects cable (BNC) to dual tome bese for ouernal 


A1A6F1000 and Al ASF100] 
AlAGIIT4 


Provide overiosd protection to oscilloscope circuits. 
Connects cable {BNC) to monitor mam sweep output 


zgnal. 
AIASIITS Connects cable (BNC) to monitor delayed sweep oui- 


pur 
AIAGJI0S0 Connects cable (BNC) to supply external miensification 
conirol signal. 
AlA63187 Connects cable (BNC) to monito: main sweep gate oul- 
pal signal. 


DELAYED SWP GATE OUTPUT cxx- 
necior. 
DELAYED TRIG OUTPUT connector. 


AlA6J193 Connects cable (BNC) to monitor deleyed sweep gate 
canput segnal. 


Connects cable (BNC) to monitor delsyed trigger oui- 


AlAGI192 


pul mgnai 
Connects tne power to oscilloscope. 


A1A6P1000 


NOTE 
The interreiationships beiween the TIME/DIV OR DLY switch, the delayed time/division switch, and the mensify switch are com- 
plex. For full and efficent use of these funcuons, the following definitions of the dispiay modes musi be undersiood: 

Main Sweep—in tai: sworp mode, ihe time base switches are locked together and the time per division (sweep raic) is bracketed 
by the biack limes on the TIME/DIV OR DLY TIME switch. Only the main time base (sweep) genersicr operates in this mode. 

insensified Sweep—in imensified sweep mode, both ume bese genersiors arc used, txt only the mem sweep is displayed. The 
Gelayed sweep generaior unblanking signal is used to miensify (orighien) the main sweep dispisy when the delayed sweep generator 
rans. The main usne~bese sweep raic is bracketed by the biack lines on the TIME/DIV OR DLY TIME switch. The detayed time 
base sweep rate is selectéd by pulling the deieyed ume/divinon switch ou! and wring it coctrwnse. With the switch pulled oul, an in- 
tensified zone appears on the main sweep. The atari of the imtensified zone ts Getermined by the DELAY TIME MULT dial acting. 
The durazion of the intensified zone is determined by the delayed tine/division switch setting. The purpose of the imensified sweep 
Tode is to locate the poruon of the trace thal is to be dasplayed in delayed sweep mode. 

Delayed Sweep~—in Geiayed geeep mode, the Gelsyed ume/division switch és pus22ed in and the >er: of the dizpiay shown in the n- 
tensified tone discussed previously is then displayed on the delayed sweep ans expanded over the fuil 10-centimeter horizontal scale. 
The magnitude of expansion from imiensified to deisyed snode is the ratio of main sweep to delayed sweep time per division settings. 
‘The delsy tome from the start of the main seeep to sari of delayed secep is found by rmultipiying the main sweep ume per division 
by the DELAY TIME MULT dial setmg. The deisyed sweep mode enables the operator to select any part of the man sweep dispisy 
and expend the: part for more careful analysis end io make precise iime difference measurements. 


Section Il. OPERATING PROCEDURES 


Power mput connector and eabie. 


3-2. General base generator modes. These modes are defined es 
This section provides the information necessary to operate follows: 

the oscilloscope and inciudes operating instructions and a. Main Frame Modes. 

procedures for operator's checks and adjustments. The (1) Left Selects signal applied to left vertical phug-in 
oscilloscope features 8 combmation of display functions channel for cr display. 


for a wide range of signa} measurement applications. The 2} Alternate. Selects signals alternately from ieft 
major functions consist of five main frame and four time and rght verucel plug-in channels for display on ct 
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US ARMY SJ 


[GNAL SCHOOL 


EOS ON Ale Sn gtariaie dee COMMUNICATION CIRCUIT QUALITY 
PRACTICE EXERCISE/SOLUTION SHEET 

1. b--Learning event 1, page l. 

2. c--Learning event 2, paragraph 2a, page 2. 

3. a--Learning event 2, paragraph 2b, page 2. 

4. c--Learning event 3, paragraph a, page 2. 

5. a--Learning event 4, paragraph b, (4), (b), page 7. 

6. a--Learning event 5, paragraph b, page 8 

7. b--Learning event 6, paragraph c, page 9 

8. c--Learning event 6, paragraph a, page 9 

9. d--Learning event 8, paragraph a, page 1 

O. c--Learning event 8, paragraph a, page 1 

1. b--Learning event 8, paragraph c, page 12. 

2. b--Learning event 9, paragraph a, (3), page 13. 

3. d--Learning event 9, paragraph c, page 14. 

4, d--Learning event 9, paragraph c, (2), page 14. 

15. c--Learning event 11, paragraph e, page 18. 

6. d--Learning event 11, paragraph f, page 18. 

7. c--Learning event 11, paragraph f, page 18. 

8. a--Learning event 12, paragraph a, (3), page 19. 

9. d--Learning event 12, paragraph b, (5), page 20. 
20. a--Learning event 12, paragraph b, (7), page 20. 

All concerned will be careful that neither this solution nor 
information concerning it comes into the possession of students, or 


prospective students, 


who have not completed the work to which it pertains. 
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US ARMY SIGNAL SCHOOL 


LESSON | 2s hos asad tie CONCEPTS OF CIRCUIT CONDITIONING 
PRACTICE EXERCISE/SOLUTION SHEET 
1. a--Learning event 1, page 28. 
2. a--Learning event 2, paragraph a, page 29. 
3. c--Learning event 2, paragraph a, page 30. 
4, d--Learning event 3, paragraph h(3), page 33. 
5. d--Learning event 3, paragraph d, page 31. 
6. d--Learning event 3, paragraph b, page 31. 
7. a--Learning event 4, page 33. 
8. c--Learning event 5, page 33. 
9. a--Learning event 5, paragraph i, page 37. 
10. a--Lesson 2, 300-175-9 Extract, table 1, items la, 1k, 11, 1m, tin, 
page 74 and 75. 
11. c--Lesson 2, 300-175-9 Extract, table 1, item 1j, page 75. 
12. a--Lesson 2, 300-175-9 Extract, table 2, pages 80-83. 

NOTE Compare the parameter characteristics of the parameter 
codes V1, V2, and Dl. 

13. a--Lesson 2, 300-175-9 Extract, item 8b, page 79. 

NOTE: Locate Z4 parameter code in table 5 and cross reference to 
the item number, then locate the item number, then locate 
the item number in table 1 for the description of service. 

14. b--Lesson 2, 300-175-9 Extract, table 4, page 88. 

15. b--Lesson 2, 300-175-9 Extract, table 2 , characteristic b, page 81. 

16. d--Lesson 2, 300-175-9 Extract, table 4, page 88. 

17. a--Learning event 5, paragraphs c and d, and lesson 2, DCAC 300-175-9 
Extract, table 2, characteristic b., page 81. 
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Nonsecure voice transmission requires circuit parameter VI. The loss 
concerning frequency characteristic of code VI should not exceed the limits 


of 8 dB less loss (-) at 0.4 kHz or 20 dB more loss (+) at 2.8 kHz than the 
loss at 1,004 Hz. Loss has to be calculated from levels. Less loss is 
equivalent to a higher level, so 8 dB less loss at 0.4 kHz is equivalent to 
a level 8 dB above +2 dBm at 1,004 Hz, or +10 DBm. Conversely, more loss is 


equivalent to a lower level, so 20 dB more loss at 2.8 kHz is equivalent to 
a level 20 dB below +2 dBm at 1,000 Hz, or -18 dBm. 


18. b--Learning event 5, paragraph (d), page 38 and DCAC 300-175-9 
Extract, table 2, page 80. (appendix). 


The maximum net loss is the total loss between the output level of the 
sending terminal at 1.0 kHz as compared with the output level of the receive 


line amplifier. Table 2 gives the maximum net loss variation parameter for 


code VI as +4 dB. Since the output level of the receive line amplifier is 


+2 -dBm, the sending level must lie between the limits of + dB from that 
level, or +6 dBm to -2 dBm, calculated as follows: 


(+2 dBm) +(4 dB) = +6 dBm (+2 dBm) -(4 dB) = 2 dBm 


19. d--Learning event 5, paragraph (d), page 38 and DCAC 300-175-9 
Extract, table 2, page 80. 


Table 2, item h shows a maximum allowable channel noise to be 43 dBrncoO. 


This is 43 dB above the reference level of -90 dBm (O dBrn with C-message 
weighting). In terms of actual value of dBm, the noise level will be 43 dB 
above the level of -90 dBm, calculated as follows: -90 dBm +43 dB = -47 dBm. 


Note that although -47 dBm is a smaller figure than -90 dBm, it represents a 
higher level because it is closer to 0 dBm. 


20. b--Lesson 2, DCAC 300-175-9 Extract, table 4, page 88 & e9. 


All concerned will be careful that neither this solution nor 
information concerning it comes into the possession of students, or 
prospective students, who have not completed the work to which it pertains. 
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US ARMY Sj] 


[GNAL SCHOOL 


LESSON Siveiis sete eddie CONCEPTS OF CIRCUIT CONDITIONING 
PRACTICE EXERCISE/SOLUTION SHEET 
1. b--Learning event 1, paragraph b, page 49.. 
2. d--Learning event 1, paragraph c, page 49. 
3. c--Learning event 3, page 50. 
4. c--Learning event 2, page 49. 
5. a--Learning event 3, paragraph (f), page 589. 
6. b--Learning event 5, 59. 
7. d--Learning event 6, page 61. 
8. d--Learning event 6, paragraph a, page 61. 
9. a--Learning event 6, paragraph e, page 62. 
O dBm is equal to +90 dBrn. +5 dBm is therefore 5 dB above 
+90 dBrn, or +95 dBrn. 
10. c--Learning event 7, paragraph b, page 64. 
11. a--Learning event 8, paragraph a, page 66. 
12. c--Lesson 3, TM 11-6625-2643-12 Extract, item 7, page 93. 
13. b--Lesson 3, TM 11-6625-2643-12 Extract, item 14, page 93. 
14. 
19. 
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TABLE 1. OCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 


DESCRIPTION OF DCS SERVICE 


Technical Schedules pertinent to services not mentioned herein 
will be developed on a case-by-case basis as requests for these 
services are received by the responsible DCA Circuit Allocation 
and Engineering Organization. When warranted by the degree of 
uSage, an appropriate Technical Schedule for the particular 
service will be published by DCA. 


CATEGORY 1: USER-TO-USER CIRCUITS 
VOICE 


Nonsecure voice circuit. 


Secure voice, operating at 2400 baud. 


Secure voice, operating at 50,000 b/s. This is a special 
schedule pertaining to transmission over metallic facilities 
without regenerators. 


Secure voice, operating at 50,000 b/s. This is a special 
schedule pertaining to long-distance transmission over radio 
systems. 


Alternate voice/record, including secure S$] voice or data, 
operating at rates from 2400 b/s up to 9600 b/s. Circuit 
parameter code S3 is not available for user-to-user service but 
was developed to permit interconnection of up to five tandem S3 
links and obtain $1 circuit performance on an end-to-end basis. 


FACSIMILE 


Facsimile transmission that can be accommodated over a voice 
grade ‘channel with no special conditioning. If the required 
facsimile (including telephoto) service involves special 

conditioning of the channel, specific circuit parameters will be 
based on transmission means, circuit length, and characteristics 
of the equipment used to terminate the circuits. 


Enciosure 1 


74 


EXTRACT 
DCAC 300-175-9 
TABLE 1. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS (CON. ) 


DESCRIPTION OF DCS SERVICE 


CATEGORY 1: USER-TO-USER CIRCUITS (CON. ) 


TELEGRAPH AND DATA 


Less than 46 baud. Includes 60 wpm teletypewriter and other d.c. 
keying service. 


46 through 75 baud. Includes 75 wpm and 100 wpm teletypewriter 
and other d.c. keying service. 


Includes 110 baud teletypewriter and other 


76 through 150 baud. 
d.c. keying service. 


Less than 46 baud. Used where d.c. keying is converted to tone 
on a Single channel basis. 


46 through 75 baud. Used where d.c. keying is converted to tone 
on a single channel basis. 


76 through 150 baud. Used where d.c. keying is converted to tone 
on a single channel basis. 


066-068 IBM transceivers (10 to 40 cpm). 


Includes data card or other service. 


300 through 600 baud. 


Includes data card or other service. 


1200 baud. 


2400 b/s; alternate voice/record service. 


4800 b/s; alternate voice/record service. 


9600 and 7200 b/s; alternate voice record service. 


1200 to 16000 b/s when using data modems containing adaptive 
equalizers. 
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TABLE 1. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS (CON. ) 


DESCRIPTION OF DCS SERVICE 


CATEGORY 2: VOICE FREQUENCY 


CARRIER TELEGRAPH (VFCT) SYSTEMS 


VFCT 


CATEGORY 3: AUTOVON ACCESS LINES 


Voice grade. 


Special grade, alternate voice/record access from AUTODIN switch, 
and 2400 through 9600 b/s secure voice access from secure voice 

terminals, cordboard (SECORD), SEVAC, and other secure four-wire 
switchboards. 


Special grade, alternate voice/record. 


CATEGORY 4: AUTOVON TRUNKS 


Interswitch voice grade. 


Interswitch special grade, not transeceanic {no regenerators at 
either end). 


Interswitch special grade, not transoceanic (regenerators at both 
ends). 


Interswitch special grade, not transoceanic (regenerators at one 


end). 


Interswitch special grade, alternate voice/record. 


Loop-around, regenerative, Option 1. Regenerators located 
physically at the AUTOVON Switching Center. 


Loop-around, regenerative, Option 2. Regenerators located 
physically at a remote site on Government property. 
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TABLE 1. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS (CON. ) 


DESCRIPTION OF DCS SERVICE 


CATEGORY 5: AUTODIN ACCESS LINES 


75 baud; d.c. keying. 


150 baud; d.c. keying. 


75 baud; from terminal to switch or to a bridge at a transmission 
nodal point, tone keying. 


150 baud; from terminal to switch or to a bridge at a 
transmission nodal point, tone keying. 


300 baud; from termina] to switch or to a bridge at a 
transmission nodal point, tone keying. 


600 baud; from terminal] to switch or to a bridge at a 
transmission nodal point, tone keying. 


1200 baud; limited to data service only. 


1200 b/s multiplexed; from a user or transmission nodal point 
where a VF channel is multiplexed or bridged with any compatible 
combination of 75-, 150-, 300-, or 600-baud modems not to exceed 
1200 b/s total. VF bridging is used at transmission noda) points 
to serve nencollocated users. 


Not used. 
2400 b/s; 
Not used. 


alternate voice record service. 


Not used. 
4800 b/s; 
Not used. 


alternate voice/record service. 
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TABLE 1. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS (CON. ) 


DESCRIPTION OF DCS SERVICE 


CATEGORY 5: AUTODIN ACCESS LINES (CON.) 


Not used. 

Not used. 

9600 and 7200 b/s; alternate voice record data service. 
CATEGORY 6: AUTODIN INTERSWITCH TRUNKS 


2400 b/s through 4800 b/s; dedicated circuit from one AUTODIN 
Switch to another. 


Not used. 

9600 and 7200 b/s; alternate voice/record service. 
CATEGORY 7: AUTOSEVOCOM ACCESS LINES 

Not used. 


Secure voice terminal, 2400 b/s, to four-wire JOSS or AUTOVON 
switch. j 


Secure voice terminal, 50 kb/s baseband, to SECORD or AUTOSEVOCOM 
switching facility without regenerators over metallic facilities. 


Secure voice terminal, 50 kb/s baseband, to specia] 758 switch or 
cordboard (SECORD) or AN/FTC-31 over long-distance carrier 
facilities. 


Secure voice terminal, 50 k/s baseband to AN/FTC-31, over 
metallic facilities. 


Secure voice terminal, operating at 9600 b/s to JOSS or AUTOVON 
swi tch. 
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TABLE 1. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS (COX.) 


DESCRIPTION OF DCS SERVICE 


CATEGORY B: AUTOSEVOCOM TRUNKS 


50 kb/s baseband, over metallic facilities without regenerators. 


50 Kb/s baseband, over long-distance carrier facilities. 


Not used. 
2400 b/s (JOSS to etther a JOSS or a cordboard) (SECORD). 
2400 b/s (SEVAC to JOSS or 5-D switchboard). 


Interswitch trunk operating at 2400 or 9600 b/s providing secure 
voice service. {This service is derived from the AUTOVON.) 


CATEGORY 9: 60-108 kHz BASIC GROUPS 


Unconditioned Wideband Service. This item normally supports 
user-supplied FDM 60-108 kHz group level equipment. 


Conditioned Wideband Service. This item normally supports a 50 
kb/s requirement through the DCS by use of special GFE modem and 
GFE auxiliary set, such as the WECO type 303 data modem and WECO 
type 842 data auxiliary set which provides interconnection of 
subscribers on a 4-kHz basis whenever the 50 kb/s signal is 
removed from the user's 4-wire line. The derived service is 
similar to item 7D. The AN/USC-26 group data modem also may be 
used in deriving this service, but in the half group mode of 
operation the data signal level (Circuit Parameter Code X2, item 
k, table 2) should be reduced to -8 dBm. 


CATEGORY 130: DIGITAL SERVICES 
(See Enclosure 8.) 
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TABLE 2, OCS TECHNICAL SCHEDULES FOR GOVERMMENT-OWNED CIRCUITS 
(CIRCUIT PARAMETERS) (CON. ) 


CHARACTERISTICS OF HP so st s2 $3 " ve ot ve m (1-3) 
CS tr ee ne ee ee 


6-SLT-00€ I¥Od 


+ tote es 
Telegraph 

Distortion 

Max taum % 
as Distortion 


” Maximum Mark or 
ac £. 


h. Idle Circutt4 
Wolse (Mex imun 


Allowable) d8rnCo 
al 

0-81 0- 3 FT 3 3 nu ry ” FT 
et-16) { ge 44 M4 34 rT 4 “ 4 u 
161-644 100-400) ‘i ” 37 li ” ” 7 ” 
644-1609 (400-1000 a al 4“ rT al rT a a 
1609-2414 (1000-1500 a 43 43 a a 43 4a 43 
2414-4024 (1500-2500 45 48 45 45 45 45 a5 45 
4024-6436 {2500-4000 ” ay a a7 a7 47 4? a? 
6438-12674 (4000-8000 50 50 50 50 50 50 50 50 
12874-25748 (8000-16000 3 53 $3 5 53 3 § 

ngle Tone 


Interference 
Below Circult 
Hotse In Each 
Mileage Category 


(Max imum) 48 sant 3 3 3 3 3 3 3 


J. Impulse Moises Counts 
Reference Level above 


5 drnco; reference 
Measure with level 
Tone (maximum tn 15) ih) 15 15 1s 15 18 


minutes ee 


Jihts measurement is not required on circults traversing only PCM systens. 

‘Consider a satellite channel es equivalent to 9 3219 kilometer (2000-mile) landline channel tn deteraining circuit length. 

SReference level 60 d8rnCO for circuits traversing PON systems only. Measurement made with previously sampled POM channel loaded with 2604 He 
4 $5 dBm0 tone. Includes gain and phase hits lasting less than 4 milliseconds. 
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TSLE 2. OCS TECHRICAL SCHEDULES FOR GOVERMMERT-OuMED CIRCUITS 
(CIRCUIT PARAMETERS) 


this teble specifies circutt alge gf which correspond te the various types of OCS VF services specified in tedle I except fer paremeters $0 
ond WP. SO 1s on optional parameter that the circutt engineer may substitute in Wlew ef the norwally specified peremeter whenever the circuit ts te 
be tersineted with wodems employing edaptive equalizers. $0 1s norwally obtoined without special equalization equipment belng Introduced Inte the 
circelt, HP ts sise an optional paraweter thet the circuit engineer say substitute fn lew of the normally specified perameter whenever the circult 
ts to be Cerwinated with aodews employing aultilevel modulation techniques that require sbove-average signal-to-noise and lingerity ~s 
cheracterlstics. Provision of the W parameters normally requires special routing of the circuit over selected” transatssion channels. 


CHARACTERISTICS OF We $0 s! $2 $3 wl v2 01 oe w (1-3 
WEASURE 


8. Frequency C 


“yf Tt) 
©. Moxtous Envelope? = alero- 
Delay Vertation second 
tee 
ed 
Bond 
D. 5-6 OU 4 aU rin 


> Reslous oss 
Variation (with ; 
respect to time) () $2 ‘ ) 


‘Loss frequency charecteristics are given tn terms of comparison to the measured loss at 1004 Me. for exe=ple, in the SI schedule, the loss 
frequemy characteristic should net exceed the range of 2 dB less loss (-) to 6 68 more loss (*) between 0.3-3.0 KHz when compared to the measured 
Voss at 1004 He, This frequency ts wsed to avold subharmonics of the B KHt frequency used extensively in PCH/TON systens. Caution: Circuits 
equigped with CY-104 ( ) POt equipment way not meet the shove porameters without gaternel equalization. 

Caution: Circuits equipped with CY-104 ( ) PON equipment may not meet this parameter without external equalization, 
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TABLE 2. DCS TECHNICAL SCHEDULES FOR GOVERWHENT-OWNED CIRCUITS 
(CIRCUIT PARAMETERS) (CON.) 


CHARACTERISTICS OF HP $0 st $2 $3 "i v2 ol 02 W (1-3) 
ASURE 
” Sapedence s 
600 To! 10 0 210 10 10 Q 
. Data 
Transmission 
Level 
Composit -13 -13 -13 ~t3 -13 «1 - -13 
m. Phase Jitters 
(Max teu 
Peak-to-Peak} Degrees 10 to 10 lo 10 10 
n. Hermonic? 
Distorti dBm0 -40 -40 - 
0. Gain Hits® Counts 
(>4 msec) Maximum) 
Gein Change n 15 
>3 68 or minutes 8 6 é 8 6 g 
>4 dB 6 é & na et 6 6 eee 
p. Phase Hits? Counts 
(>20 degrees = 
and >4 msec. a 15 
winutes 
exceed! 
theeshel ] 8 8 ee a eae. 
q. Uropouts opouts 
212 dB and Mex (wun 
10 msec) nis 
alnutes 2 2 z 


Snot required for circuits traversing POM systews only. 
this perameter fs obsolete and hes replaced by paremeter ¢. A 704 Hz test tone st -10 d8e0 fs used. 
ain hits are sudden changes in the galn or loss acirewit. Measurement made at circuit activation and os necessery as @ troubleshooting 


old. 
SPhase hits are sudden changes In phase of the transmitted signal ceused by the transmission path. Measurement made at circult activation and 
as a troubleshooting afd, 
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TABLE 2. OCS TECHMICAL SCHEDULES FOR GOVERMMENT-OWNED CiRCUITS 
(CIRCUIT PARAMETERS) (COM.) 


CHARACTERISTICS oF HP $0 $s} $2 $3 v! v2 1 bz W (1-3) 
MEASURE 


r. Signal tol 
te tched 


(Using dct 
mathe ili ig 


(1) Stgnal to 
Se 


cond Order 
Olstortion 6B 38 28 25 25 2 2 25 25 2 


(2) Stenet to.., 
» ré Order 


je Vechn ule portion o @ concludes with character's > sbove, characteristic ge re prov 

Lnpehdc pao 01d and mey be used on on optional basis. They ere intended to assist the technictan in clearing troubles on circuits traversing 
PCM systems, which are not revealed by the cheracteristics specif —'ed above. Characteristic w will be experienced mainly on PO4 equipments which 
employ a single coder-decoder for at! channels. Loading of channels as specified for cherecteristic wv may Involve channels not accessible to the 
end point circult tester. Characteristic » ts useful tn Meggabdat dag high-level transient signals on circuits which elude measurements made with 
conventional level measuring equipment and thus also may be useful in measuring signals that traverse FOM systems, 


WOnessurement ts made with 1004 Hr -10 GBa0 holding tone. Goth idle circult noise and C-notched notse are to be measured on all cirewits 
except as noted otherwise. Optional seasurement on circuits traversing noncompandored FOM facilities. Required measurement on circults traversing 
compypdored edt baal Prong as all-PCH systems and analog compandored FIM fae (e.g, type W cerrier), 


Honlinear distortion measured using the four-tone test method Is the atendard method of measurement of distortion in the OCS. The obsolete 
hareontc distortion parameter hes been retained in this table for use by those stations mot yet equipped with transalssion tapatrment meesurenent 
sets. 
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TABLE 2. OCS TECHNICAL SCHEDULES FOR GOVERNMENT-ONWED CIRCUITS 
(CIRCUIT PARAMETERS) (COM, ) 


CHARACTERISTICS OF HP $0 $1 $2 $3 sD] v2 th) b2 W (1-3) 
UR 


* Quentiztn 
antizin 
Distortion at 
Input Levels 

of: 


v. Cireutel2 Dropouts 

foes on te rsd 

outs n $ 

>10 dB and 

>2 @ 1 10 10 0 
w. Cross- 

Modulation! 3 

(from edjacent 

circuits 

Rotched. Input 

c impulse 

Moise Threshold — d8rn0 $7 5? 5? §? 57 5? 87 87 
x. Max tun! 4 Counts 

Operating above 

Stgnel Level reference 

(Peak) threshold 

Reference Maximum 

Threshold n 15 

95 d8rn0 minutes) 

lat w 1s § 15 


V2Thts measurement may be made on circuits where loss of synchronization of the high bit rate digital trunk ts suspected. Statistics ere 
nermyiiy Beasured using @ 1004 Hz -10 dBe0 tone on the circuit and e strip chart recorder to record the dropouts, 

Thts weasurement may be made on circuits wherever cross-modulation is suspected. Measurement made with previously scanned chenne} 
and yytsured circuit activated with 1004 Hz tone at a level of -10 dBac. 

Th1s measurement {1s made with an fepulse noise measuring set bridged across the circult during perfods of maximum signal poate The 
measurewent Indicates the presence of high-level transient signals which cause intermodulation distortion, cross-talk and cress-modulation of 
adjacent channels, It Is noted thet 95 dBrn0 equates to e level of +8 dant, 


6-SLT-O0E€ IWOd 


EXTRACT 
DCAC 300-175-939 


TABLE 3. OCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 
GROUP BANDWIDTH CIRCUITS - FDM OR DATA DERIVED 


- Frequency Response kitz 
loss with respect to 
104.08 kiz 


km 

“0-100 ) -1.3 to +1.8 

100-201 -2.0 to +2.9 

201-402 -2.5 to 44.0 
-2.9 to #4.0 
-3.3 to +#4.9 
4.4 to +5.9 
4.4 to +6.7 


b. Envelope Delay [reference 
B84 kitz 


(1) Equalized parabolic 
curve 64-104 kHz 


km 


0-104 (0-62.5) 
100-20 (62.5-125) 
201-402 (125-250) 
402-804 (250-500) 
804-1609 (500-1000) 
1608-3218 (1000-2000) 
3218-6436 (2000-4000) 


(2) Unequalized, 
typical points on 
curve. 
Measured at 60 kHz 
Measured at 64 ki 
Measured at 108 kHz 


(See footnote (1)) 


(1)Use values for AN/USC-26 from figure 1. 
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85 


EXTRACT 
DCAC 300-175-9 


TABLE 3. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 
GROUP BANDWIDTH CIRCUITS - FDM OR DATA DERIVED (CON. ) 


c. Amplitude Stability 
Short Term (30 seconds) 
Long Term (30 seconds) 


e. Impedance 


(1) Balanced (preferred) 
(2) Unbalanced 


. Return Loss, minimum over 
frequency range 60-108 kHz 


5. Interface Transmission 
Level Point (assuming 
Government -furnished 
interconnect filters) 


Group Channe] Input Level 


Group Channel Output Level 
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TABLE 3. OCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 
GROUP BANDWIDTH CIRCUITS - FDM OR DATA DERIVED (CON. ) 


i. Random Noise Unweighted 
0-804 (0-500) 


j- impulse Noise, 
Weighting 15-Minute 
Measurement 
at -10 dBm. 


Average Long 
Term Power in 60-108 kHz 
band, maximum permissible. 


Maximum Operating Sign 
Power permitted in any 
4-kHz subchannel. Total 
number of active channels 
must be such that charac- 
teristic k is not violated. 


Level in any 4-kiz 
subchannel. 


Test duration less. 
than 5 minutes 


Test duration more 
than 5 minutes. 


(2) For half-group operation of the AN/USC-26, -8 dBmO applies. 


Enclosure 1 
87 


EXTRACT 


DCAC 300-175-9 
TABLE 4. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 
Zl, 22, 23 TECHNICAL SCHEDULES 


ee ee —L—L—— 


(Z1 through 23 technical schedules establish the parameters for 
full-duplex 50 kbps transmission media within the bandwidth of 0.1 to 50 khz 
terminated in a nominal 135 ohms. The Z Schedules apply only to terminals 
operating in the baseband mode. 


Z] Parameters are for a local circuit used to interconnect two KY-3 
terminals over physical metallic nonloaded cable pairs. The lineup loss must 
portray a curve with a smooth rolloff. 


72 Parameters are for a local circuit used to interconnect a KY-3 to a 
switchboard over metallic facilities as in Z]. However, since the switchboard 
provides no equalization, al] equalization on the cable pair transmitting 
toward the switchboard must be “equipped by the line.“ Note the different 
requirements in each direction. 


Z3 Parameters are for a trunk circuit used between two switchboards where 
no equalization capability exists at either end. It applies also to any 
wireline segment of a wideband long haul trunk.) 


sis TO SWITCH 
CHARACTERISTIC SWITCH TO SUB Meeer IONS 
: eguency 


¥ 
‘ i. Oe 


3. Impulse Noise? 
a. Wideband 7 count 12 12 

per second 

with thres- 

hold set 

at stated 

Jevel (d8) 

below the 

received 

signal level 


b. AN/FTC-31 1 count 6 
low frequency per second 
receive with thres- 

hold set 

at stated 

level (dB) 

below 2600 

Hz SF level. 


See page 89 for footnotes. 
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4. DCS TECHNICAL SCHEDULES FOR GOVERNMENT-OWNED CIRCUITS 
os Zi, Z2, Z3 TECHNICAL SCHEDULES (CON. ) 


é. t. 
UNIT OF BOTH SUB TO SWITCH BOTH 
HARACTERIST IC DIRECTIONS SWITCH TO SUB DIRECTIONS 
dB 


Variation2>4 


5. Lineup Loss 
(kHz) 


wn 
~ 


a. 0.1 
1.0 
3.0 
5.5 

10.0 

18.0 

25.0 


32.0 
50.0 


QO Pee ELE 


b. .] to 50.0 
1.0 to 40.0 


7. Nominal Data 
Input Signal 
Level 


See page 17 for footnotes. 
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DCAC 300-175-9 
Footnotes to table 4: 


1. In no case should absolute power level exceed -36 dBm in the VF 
bandwidth. 


2. Reference frequency is 1 kHz at O dBad. 


3. The impulse noise (IPN) meter fs normally configured for dBrn. 
After measuring the received digitized voice signal with a GB meter, use the 
following equation for the dBrn setting: 


dBrn = 90 + signal level (measured reading) - 12 dB 


Example: If the signal level is measured to be -2 dBm, then 
dBrn = 90 - 2 - 12 = 76 dBrn. Set reference level dBrn dials 


as follows: 

10 dB step dial at 60. 

High-level dial at 16. (60 + 16 = 76 dBrn) 
Mid-level dial at 10. (60 + 10 = 70 dBrn) 
Low-level dial at 4. (60 + 4 = 64 dBrn) 


Use 10.2 to 51 kHz (or external wideband) filter. 


4. At the time of the alinement of the wideband repeaters in the 
subscriber to switch direction, adjust the receive level of the 1 kHz 
reference frequency to 0 dBm with the entire frequency response within the 
stated specifications {-] to +] dB between 1 and 40 kHz and -2 to +2 dB 
between .1 to 50 kHz.) In a later check, the reference 1 kHz receive level 
may vary (net loss variation) up to -2 or +2 dB from the 0 dB alinement 
level. The entire frequency curve should be equally displaced. For example, 
if the 1 kHz tone is 1 dB cold (or reading -] dB on the meter indicating a +] 
dB toss), then the entire frequency response curve must now be referred to the 
+1 dB loss level. The frequency response curve must fall within the shifted 
limits of 0 to +2 dB between 1 and 40 KHz and -1 to +3 dB between .1 to 50 
kHz. If the 1 KHz tone is 2 dB hot, then the frequency response curve must 
fall within the limits of -3 and -1 dB between 1 and 40 kHz and -4 to 0 dB 
between .1 and 50 kHz. 


5. A 4dB loss at 25 kHz is maximum allowable loss. Loss from 0.1 to 
18.0 kHz should be less than 4 dB. If the 25 kHz loss exceeds 4 dB, then the 
lineup loss will be as listed in 5b and will require a WB repeater. 


6. For those switches which have WECO 824/303 units on the wideband 
interswitch trunks or on long-distance wideband subscriber lines, al] other 
subscribers on that switch must meet the lineup loss as listed in 5b to 
provide sufficient input level to the WECO units. 


7. If the loss limits listed in item 5a cannot be met, wideband 
repeater(s) will be required and the lineup loss will be as listed in item 5b. 


Enclosure 1 
90 


EXTRACT 
DCAC 300-175-9 
TABLE 5. CROSS-REFERENCE BETWEEN DESCRIPTION OF 


DCS SERVICE ITEM NUMBER AND APPLICABLE 
CIRCUIT PARAMETER CODE 


CIRCUIT CIRCUIT 
ITEM PARAME TER ITEM PARAME TER 
NUMBER CODE NUMBER CODE 
1A vi 5C D2 
1B A | SD 02 
1c ZI 5E 62 
1D 74 (1) SF D2 
lE $] 56 D2 
IF vi 5H 02 
16 NI 51 
1H N2 5J $1 
W 3 5K 
1K vi 5L 
IL vi. | $! 
1M vi 5N 
IN vl 50 
WP D2 SP 
19 02 50 s} 
18 $1 
WwW SO JA 
2A D2 78 $3 
3A V2 70 z2 
38 $3 7D 241) 
3¢ S3 7E z2 
F : z = 
8A 

ac s1 8B Fatt) 
4D $2 8C 
aE $33 aD $3 
5A N2 oA xl 
ad ad 8 X2 


(1)See enclosure 8 for 74 parameters. 


™ seers 
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T™ 11-6625-2643-12 
Table 8-1. Controls, Jacks and Switches. 


‘48 Volt Jack Provision for connecting station battery to test 
set. 


POWER SWITCH Connects battery to the test set (Turns on power). 


BATT TEST Connects the meter to the battery test circuit 
(push button} which indicates the condition of the batteries. 


HOLD (2 position When switch is ON, a hold coil is connected across 
switch) the line jack and terminalis. 


MON (AC) Jack Provision for connecting a telephone headset to 
monitor the tone being measured. 


MON (DC) Jack Provision for connecting an external DC monitoring 
(Recorder or Meter) device in series with the 
meter. 


FILTER (Rotary Selects the desired filter to be used when 
Switch) measuring the test signal. 


SENS (1dB/Step) It adjusts the amount of gain necessary in the éet 
to obtain a meter reading. Greatest accuracy is 
obtained when the upper portion of the meter scale 
is used. The left switch js in steps of 1 dB. 

The right switch is in steps of 10 dB. The black 
numbers represent dBm. The blue numbers represent 
dBrn. 


INPUT (Rotary Switch) Selects the function of the input circuits. 


LINE (Binding Posts) j} Provisions for connecting circuit uner test by 
using GR (Bananna) type connector. 


LINE (Jack) Provision for connecting the circuit under test 
using a patch cord. 


GND (Binding Post) Provided to alice a ground connection to be made 
to the test set when the ground is not connected 
through the patch cord or GR type connector. 


DIAL (Jack) Provisions for connecting a dial circuit or 
subscriber set with a dial to LINE jack, when the 
INPUT switch is in the DIAL/TALK pesition. 


VU-DB scale calibrated in black divisions with 
numbers from +3 to -15 dB. Between +3 and -3 the 
scale is calibrated in 0.2 dB divisions. 0.5 dB 
divisions are used between -3 and -10 and 1 dB 
divisions are used between -10 and -15. 
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™ 11-6625-2643-12 
Table 8-1. Controls, Jacks and Switches (Continued). 


dBrn scale calibrated in black divisions and blue 
numbers from +13 ro -5 dBrn. Between +13 and +7, 
the scale is calibrated ~in 0.2 dB divisions. 

0.5 dB division are used between +7 and 0, and 1 | 


a a ) 


dB divisions are used between 0 and -5. 
A W quality scale is marked in three colors: 
GREEN between 0 and +3 dB 


YELLOW between -6 and O dB 
RED between -15 and -6 dB 
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Contre. jndcasors. Premcove Dewce:. end Conarcor>—Connmnd 
Reference 

AIRIOGS Canuress defmsuon of duspiny. 

AIRIOZS Comvots akgnmen: of wace with borgcmta greucue 
bees 

AIRIOIS Comrots brightness of gremote nes 

AIS1030 Senng-oaded swuch When pruseed, comes depiay to 
be compressed to within graucuie area mocpenden: 
of conto! senings oF epphed signe. 

ALAGSIQIA Selects cgmel for Gopi from iefi-tend vere) 
eenpiifier. 

AIA4S10218 Selects mgnais for cespiny froen ieft-hend and ngit-hend 
vertical aragiifiers in aieronting pattern. Signets arc 
weached efter each sweep. 

ALA4SIQZIC Selects signads for Gasplay from both vertca] ampiifeers. 
Segnats ore aignbcucally added and sum is despisyed. 

A1A4S1021D Setocts mgnats for dispiay from tef\-hend end ngh!-hend 
vertical amplifiers m edacrneting pattern. Segneds are 
switched af a l-megaHicrur rete under contro! of m- 
ternal ceciBetor. 

ALASSIMIE Selects signal for Gepley from rghi-bend vereal 
exaptifer. 

ALAGSIOIIA Setects tigger egal from ieft-hend weruca! empi:feer. 

AIAGSIOLIB ‘Tngper egnel antomencaity fofows veruca! dexpiays cx- 
opt when chopped wormed! mode & serie’ inp 
chopped mode, tigger cocurs at l<megeHerc mee 
wader contro! of mmerns) cectiator. 

ALAGSIONIC ‘Setecss tngger signe! from nght-hend veruxal empiifses. 

AIsi001 Pasb-puf setech Controis power to cadiicscope. 

71086 (Connects cette (BNC) to calitemor cutput agnal 

Am4s Cornrots vertiod posiacn of trace. 

AARAS 

AGN Provides Guapiny irrversion. in + UP position, pomuwve- 

AASI2 (g0mng mDpuUl mgee! ctomes Upward uece defecuan zm 
UNVEKT posinon, positre-gning mpi mgne! comes 
d@owreesd trace deflection. 

A2s4TB Provides decreasing deflection factor. in x} poskion, 

AASATB éefection factor is as seleceed by VOLTS/DIV swach 
end VARIABLE poventiomerer, in x10 REDUCED 
BANDWIDTH position, deflection fertor is '/1s that 
selected by VOLTS/DIV swich end VARIABLE go- 
tentiometer. “ 

AQAIR33 Controis deflection fersor Gee calibraien. 

ASATRI 

_ Connects aenptifeer ingan mgnal cable (BC). 

AQAIAZS2 ‘Sctoczs onlabrasad defiecuon factors fren 5 millirvois gar 

A4A1 A232 Gvision to 10 volts per Givision in 1} mess @ 1, 2, 5, 

A4SA2RI39/S299 (up to 2S wees) ber ween cabbeased defiecucn facser 
weeps. Exxends range to 25 votes per @rvamon or more. 

A2AI1A351 Selects input coupling mode. in AC postion. pu: sig- 

A4A1AT51 mai capecervety coupted to acnpaiser inpet eth ac 
carmpoment thocked in GND pomucn, ampiier = 


a a grounded. whet mEnGEey mane me EEE! 
toad (Grovates charge path for ec comping capacner to 


in DC poniuon. ali components of input mgnal are 


™ 11-6625-2658-12 | 


index 
gumnber 


ee 8 


31 


35 


EXTRACT 


3-). Conwok. jndxatr:, Prowcave Dence:. ead Connecior>—Conmusrd 


Reference 


Dual Time Bese Front Pane! 
LEVEL potenuometer. 


SLOPE switch. 
TRIG'D incicuucr. 

MAIN TRIGGERING switches 
MODE swiaches (provide seiection of main 


tnggering mode and indicaic selection) 
AUTO. 


RESET-READY. 


AIRS 
As 
AIDS3 


A3ASS! 


AJASS3 


AJASS4 


AJAIS2 


AJAZSI 
A3AZS2 


99 


Funcuon 
Determines amplitude point on ingger signal st which 


Indicates that main sweep is inggered and will produce 
Geepiay wah correct setung of pomuon and wuensty 
contrasts. 


When pressed, sweep is mitiated by appbed ingger ug- 
faa) at poitst selected by LEVEL and SLOPE controls, 
if rigger signal repetition rate ts above 30 Henz end 
within range scleceed by COUPLING semch. Trig- 
gered sweep can be obtained only over emoalitude 
Tange of applied uigger agnal. When LEVEL comrol 
ts set outede amplitude range, tngger repetiuon raic 
4 below tower frequency lens for above upper kmit 
for AC HF RES). of tigger signal is madequaic, 
seecp free runs at rate selected by TIME/DIV swich 
to provide reference wace. 

When pressed, sevep is initiated by applied tngger sig- 
nal ai poum setected by LEVEL and SLOPE controis 
over frequency rmnge selected by COUPLING 
switch. Trggered sweep can be obtaned only over 
aenpiitude range of applied trigger signal. I LEVEL 
control is set cunide empitude range, inggrr repeti- 
tion mate is outside the frequency range selected by 
COUPLING switch, or ingger signal is inadequaic, 
Bo ace is displayed. 

‘When preaed, furtber seecps cannot be cospizyed after 
one sweep unt] RESET switch is pressed. Display is 
Giggered as i NORM operation using mein trigger- 
ing controls. 

When pressed while in single sweep mode, onc sweep 
8 Gegeped & nen cosrerce of trigger puter tig 
germg settings are correct). Indicetor comes on and 
unit is reset. After tngger recess and sweep Gespiay, 
indicator goes out. 


‘When pressed, de componenis of signals are rected 
and ac mgnais below approximately 30 Hertz are a- 
tenuased. AC signals bevween 30 Hen ond SO 
megaHerwz are eccepied marci. 

When premed, dc components of signals are rqecied 
end ac exgnais below epprourmstely 30 kiloHertz are 
atienusied. AC signais be:ween 30 kiloHertz and $0 
megaHerz ere sccepted intact. 

‘When pressed, dc components and signals below 30 
Hervz and above 50 iiloHer:z are eteenusted. Signals 
‘within range of 30 Hertz to 50 kiioHenz are accepied 
tact 

‘When pressed, al) sgnais from dc to SO megaHerz are 
accepted 


‘When pressed, trigger mgnal is bummed from essaci- 
med verucal empiificr. 

When pressed, ingger signal is obtained from sampie of 
Gacilioscope inpui power frequency. 
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source through MAIN TRIG IN connecior (BNC). 
Sere es EXT, except that trager agned 1 euicnuned to 


main frame for cakbrased sweep rates. 


VARIABLE potentiometer/switch musi be in CAL 


factors between calibrated settings of TIME/DIV OR 
DLY TIME switch. Unealitrated deflecuion factor 


SLOPE, COUPLING, and SOURCE switches are 


ger agnal. — (QUT) postion-delsyed serep ss trig- 
teper signal 10 delayed wnger ciscuits. AC (IN) 
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Tobie 3-1. Convets, ladicazors, Prosectiee Devices, end Conneciory—Consmecd 


‘aagnal & obtamed from assoceied verucal amplifier. 
EXT (OUT) possion—deiayed ingger mgnal & ob- 
tained from exemal source through DLY"D TRIG 
IN cotnecior (BNC). iuiine 
TIME 10-turn dial poten- | ASRS Setscts vanabie sweep deizy between bares 
ns gaia eay inckcated by TIME/DIV or DLY TIME switch 


antting. 

TRIG connector. | A3J) Connects cable (BNC) to dual ume bese for exernal 
MARE TENS BE OF, AEE PY triggering signal input. When MAIN TRIGGERING 
AMPLIFIER SOURCE EXT or EXT + 10 smuchs 
pressed and TIME/DIV OR DLYD TIME switch is 
sei 10 any other position than AMPL.. external ingger 


ox EXT @ 10 swich is preseed and TIME/DIV OR 
DLY'D TIME switch is se: wt AMPL, external 
bormomal impul i connected. 

Connects cable (BNC) to dual ume bese for exernal 
A1A6F1000 and A)ASF100] | Provide overioad protection to oscilloscope circuits. 
AlA6II74 Connects cable (BNC) to monitor main seeep output 


gna. 
AIA&NT9 Connects cable (BNC) to monitor delayed sweep oul- 


Cannects cable (BNC) to monites main sweep gate oul- 
put signal. 
DELAYED SWP GATE OUTPUT con- Connects cable (BNC) to monitor delayed sweep gate 


mector. canput signal. 
DELAYED TRIG OUTPUT connecior. Connects cable (BNC) to monitor deisyed trigger oui- 
aaa 
Power mput connector and cabie. Connecis tine power to oscilloscope. 


NOTE 
The interreiationships beiween the TIME/DIV OR DLY switch, the delayed time/division switch, and the mensify switch are com- 
plex. For full and efficent use of these functions, the following definitions of the display modes musi be undersicod: 

Main Sweep—in mair: sevep mode, the time base switches are locked together and the time per division (sweep raic) is bracketed 
by the biack lines on the TIME/DIV OR DLY TIME switch. Only the maim time base (sweep) generaicr operates in ths mode. 

insensified Sweep—in imensified sweep mode, both time base genersiors are used, but only the man secep is Gspieyed. The 
Gelayed sweep generaior unblanking signal is used to miensify (trighien) the main sweep display when the delayed sweep genereior 
runs. The main ume~bese sweep mite is bracketed by the black lines on the TIME/DIV OR DLY TIME switch. The delayed time 
base sweep rate is selecttd by pulling the deleyed tme/division switch ou! end wring it cosirwnse. With the switch pulled oul, an in- 
tensifed tone appears on the mam seecp. The mari of the imensified mone is determined by the DELAY TIME MULT Gini setung. 
The durszion of the imensified zone 5s determened by the delayed time/division switch setting. The purpose of the imensified sweep 
Mode is to locme the portion of the trace that is to be duspiayed in delayed sweep matic. 

Delayed Sweep~in Geinyed sweep mode, the delayed time/dirvision switch is pus2ed im and the 207: of the display shown in the m- 
tensified zone discussed previously is then desplayed on the delayed sweep and expamcied over the full 10-centimeter horzonia) scale. 
‘The magniusde of expansion from imensified to delayed node is the ratio of main sweep to delayed sweep time per division settings. 
‘The deley time from the start of the main seeep to start of deisyed sweep is found by multiplying the tnain sweep time per division 
by the DELAY TIME MULT dial setumg. The deleyed sweep mode enables the operator to select eny part of the man sweep display 
end expend thet pest for more careful analy and io make precee imme difference measurements. 


Section Il. OPERATING PROCEDURES 


3-2. General bese generator modes. These modes are defined as 
‘This section provides the information necessary to operate follows: 

the oscilloscope and includes operating instructions and @. Main Frame Modes. 

procedures for operator's checks and adjustments. The (1) Left. Selects signal applied to left vertical plug-in 


features s combmation of dispiay functions channel for er display. 


for a wide range of signa} measurement applications. The (2) Aternare. Selects signals alternately from left 
major functions consist of five mam frame and four time and right vertical plug-in channels for display on ci 
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